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SUMMARY 


ORDNANCE TARGE CL 
JAPANESY ANTI-AIRCRAFT FIRE CONTROL 


A careful exemination of all Japanese fire control systems and 
particularly anti-aircraft systems discloses any oumber of quite excellent 
ideas, many of them well carried out, but mostly they are in details only and 
not original basic coneeptions. An example of the former is the Simple sine 
wave mechanism, a description of which has been included in this report, 
were no fire control systems either for long or short range based upon the 
"line of sight" gyro with one degree of freedom or the free gyro. The use of 
gyros was strictly limited to providing artificial horizons. 


Based on standard principles, there were many new Japanese fire con- 
trol systems such as the RAIUN, the Type III, and the BIODOBAN Type II. 


_ in the field of short range, high angle fire control, all Japanese 
systems were based on the course and speed sight principles, The Japanese 
made very complicated course and speed systems, while admitting apparently to 

“themselves, that the primary errors of estimation of target course, speed and 
range were out of all proportion to the small corrections applied for wind, 
drift, parallax, etc. Descriptions have been given of two of these types of 
course and speed sight director systems (Type 95 and Type 4 Sod. 3) but not of 
the remainder, some of which were simpler, as nothing of value woulc be gained 
by describing various types of outmoded systems, 


The most outstanding characteristics of Japanese anti~aircraft 7ire 
control were (1) opties; (2) the limited application of power follow-ups, and 
‘(3) the use of optical methods for hand follow-ups. 

The best features of the standard Japanese long range High Angle 
Fire Control System Type 94 are (1) careful design, (2) unity of thought, and 
(3) excellent layout. A visit to the aircraft carrier RYUHO at Kure Naval 
Base confirmed these impressions, The director both inside and out was 
spotlessly clean and tidy; the layout was excellent. There were no untidy 
cables, pipes, tubes, or excrescences. The inside of the director had polished 
linoleum on the false deck ‘and was supplied with indirect: lighting giving an 
impression of excellent cooperation between designers, manufacturers, and navy 
yards. : : 


in blind firing systems and autofollowing with rate aiding, Japanese 
naval designers had not progressed far, Although some of their ideas were up 
to date, they were handicapped by the bombing of their industrial Plants capa- 
ble of fine precision work. AS a result the accuracy of radar systems was not 
re, and the resulting operational practice was far 
the radar to put a searchlight or a group of searchlights roughly in the cor- 
rect place in the sky and then to track optically in the normal manner. 
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INTRODUCTION 


Although the target brief calls for a descriptive report of ship- 
porne anti~aircraft fire control, it is thought that the report should also 
include Japanese naval anti-aircraft fire control for land use. In spite of 
the fact that such anti-aircraft fire control systems are for land use, they 
are fundamentally naval conceptions -- designed and manufactured by naval fire 
control engineers and contractors, and intended to be operated by naval per- 
-gonnel -~- for the defense of naval bases and naval arsenals, 


The standard shipborne naval anti-aircraft fire control system is 
the type 94 (KYUYON SHIKI KOSHA SOCHI) and is the equivalent in many respects 
of the U. S. Mark 37 Director System. The firm which made this system, Nippon 
Optical Company, was still to a large extent intact and the staff was still 
available, making it possible to obtain from the chief design engineer, Mr. 
FUKAEDA,a small. pamphlet describing the system. This pamphlet is included as 
Enclosures (D) and (E). 


The system which preceeded, in order of development, the Type 94 
KOSHA SOCHI was the Type 91, and this was equivalent in many respects to. the 
U. S. Mark 33 System. 


in the introduction to NavTechyJap Report, "Japanese Surface and 
General Fire Control", Index No. 0-31, there is given a complete list of Jap- 
anese terms used for the different systems; for this report some excerpts are 
listed in order to identify the systems. Because the Japanese system of no- 
menclature is so complex, it has been found useful to use their words and 
descriptive titles. The following are the terms encountered in this report: 


HOIBAN POPP eTTTTTTTETTTTTTTETTT Tee TTT TTT Low Angle Director 
KOSHAKT, covcvevccesoccesasesnassrerscsneeseeseosee High Angle Director 
SHAGEKIBAN wcccesececsnsecceessseresesoeseesescccese Low Angle Computer 
= = KOSHA. SHAGEKTBAN sccccsancceccevecscesscecesseceesene High Angle Computer 
BIODOBAN ceeseeeseoeeeeoseeecesseseeaeetaeneseeeeeeecese High Angle Computer 
KOSHA SOCHL eeeveesceecoseoaneeeveeeoeaeeceoannd High Angle Fire Control Systen 
DENTAN HOIBAN eeoeevosvsaenearenecoeeseeeaceos ee ceseeoreaeneeaeeeee Radar Director 
y KOSHA SHAGEKT SOCHI wcoccccsccessveves Short Range High Angle Director 


This report covers all the naval anti-aircraft systems in existence at the 
close of the war and also those under development, including high angle systems 
for large guns.. : 
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THE REPORT 


Part I 
JAPANESE ANTI-AIRCRAFT FIRE CONTROL 


! 
Type 91 High Angie Director System (KOSHA SOCHL ) 


1. General. This high angle director system consists of director and com- 
puter combined on one pedestal with no plotting room, no stable element, 
and is similar to the U. S. Mark 33 System. The only difference is the 
absence of a rangefinder in the Japanese System. 


The Type 91 was designed in the late 1920's and ships were being ecuipped 
with this system in 1930. It was designed principally for high angle, but 
it is also suitable for surface fire. I% is a full tachymetric system 
based on polar coordinate principles and identical in its approach to the 
problem with the Vickerts Army Predictors. 


The. optics are leveled and cross~-leveled by the leveller and cross-leveller 
so that the director is, in fact, tri-axial in just the same way as the 


Type: I. 


The system is cumbersome to operate and requires eleven operators. Of 
these eleven, ten actually operate the director and one is a communication 
member. There are mo servos or follow-ups; instead, pointers are matched. 


The photographs in Figures 1 and 2 show the Type 91 removed from BB NAGATO. 
It is identical to the model shown in Figure 3 where it can just be seen 
through the camouflage to the Ieft of the rangefinder tower on BB HARUNA 
shown in Figure 4. 


The distribution of the operating. personnel is as follows: 


> Forward @, cCross-Leveller 
b. Leveller 


Aft c. Total elevation follow-up for cross- 
level correction. 

d. Lateral and vertical spotting corrections, 
initial settings for wind, time of 
flight follow-up. 

Lateral and vertical deflection 


Starboard Trainer 
Compass follow-up 


Port Layer 
“ Level and cross-level converter ({.e., 
resolver from horizontal to deck 
values ) 
Range, range rate and range spotting 
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Figure 2 
TYPE 914 HIGH ANGLE DIRECTOR 
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2. Solution of the Problem 


‘ .Blevation: 


‘present elevation Correction due to wind and 
own ship speed 
Vertical deflection ; 

a, Daily corrections (barometric 
correction due to deck '* height and I.V. correction) 
tilt 

a, Spotting 

@ Super elevation 


Training: 


Pes Ata, FEPHED 
c 


Present bearing € ‘gross-levelling correction 
Lateral. deflection M Parallax 
prift D. Spotting correction 


Correction due to wind 
and own speed 


Time of Flight: 
r=T. 7 T 


o e 
T, Time of flight 


dT 
t, Correction (including dead time (t) andt —— 
correction dt 


3. Wei hts and Sizes. The physical dimensions of the director are: one 
meter square, two meters high and three tons in weight. 


4%. Efficiency of the System. The system was handicapped by the fact that 
the ranger i nder was separave from the director and it was found very ¢cif~ 
ficult for the rangetaker to be on the same target as the director, not 


only because the rangefinder was separate, but also because the rangefinder 
had no level or cross-level assistance und was, in fact, bi~axial. 


Since équipment was based upon slant range instead of height, it differed 
in this respect from the Vicker's System from which it was taken; and there- 
fore, enabled correct solutions to be made for diving and climbing target. 
This feature was a theoretical advantage rather than a practical one as the 
task of Operator Number 5 (lateral and vertical deflection) became diffi- 
cult when there was much roll or pitch. 


The training of the director was manual and there was no form of rate aid- 
ing.in the instrument. : 


fhe system was primarily designed as an anti-aircraft system, but it was 
aiso used for surface fire. Surface fire at dusk- or under poor light con- 
ditions was stated to have been very bad because of the inefficiency of the 
sights, telescopes, and optical systems as regards their light transmitting 
qualities. 
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This system was still in use in the Japanese Navy at the close of the war, 
being substituted as quickly as possible by the more satisfactory Type 94. 
Maintenance was difficult but not frequent in the absence of power follow- 
ups and electronics. 


No ‘sketches or schematic diagrams have been made of this system since it 
is considered obsolete. 


type 94 High Angle Director System ‘KOSHA SOCHT) 


1. General. The Type 94 System was the standard Japanese naval fire con- 
trol system in use at the close of the war. 


It was fully tachymetric, consisting of a tri-axial director (KOSHAKT-Type 
94) and a computer (in a plotting room below decks) incorporating a spher- 
ical resolver for deck tilt. There were several modifications and in- 
provements to the system over a period of years and in the latest ones a 
stable vertical based upon a pendulous gyro took the place of optical 
leveling and cross-leveling in the director, 


The system as a whole is similar to and can be compared with the U. S. 

Mark 37 System. It is an outgrowth of the Type 91 and retains many of the 
same basic features, i.e., it is a polar coordinate system depending on 
accurate slant range and provides solutions for diving and climbing targets. 


It has hydraulic training using the tilting plate pump principle, which 
was lacking in the Type 91. This hydraulic training is not automatic or 
rate-aided, 


2. he Director. The director (KOSHAKI) pictured in Figures 5 and 6 is 
shown installed in the aircraft carrier RYUHO in Figure 7. The rangefinder 
is cross-leveled and leveled aS are the layer's and trainer's optics. It 
is capable of directing fire against surface targets as well as aircraft, 
but even in the latest ships (YAMATO and MUSASHT Class), the directors 
were not equipped with any radar antennae for blind fire, although radar 
‘range is used for the system. 


3- The Computer. The computer (KOSHA SHAGEKIBAN) is similar both in size 
and weight with the U. S. Mark I Computer. Its operation is mechanical 
throughout except for the magnetic clutch type of follow-up, a sample of 
which has been sent to the U. S. and a description of which is given in 
the documents which have been seized and sent to the U.S. The computer 
contains a spherical deck tilt corrector (instead of flat linkages as in 
the Type 91) for converting tri-axial data to bi-axial data, Follow-up is 
by an optical system and this can be seen at the left end of the computer 
in Figure 8. The accuracy of this optical follow-up is not known, but it 
is unlikely to have been very successful in view of the many different 
versions of this gear that appear in succeeding modifications. The com- 


puter has a range plot, the main purpose of which is to obtain a good 


‘range rate by aligning a slit of light with the slope or present range. A 
description of the system and more particularly the computer is given in 
Enclosure (D) which was prepared by the Nippon Optical Company. In addi- 
tion, Enclosure (E) contains design data seized at the Nippon Optical Com- 
pany and is considered to present a fair analysis for design errors. In 
addition to the foregoing, some further figures and limits follow. 


4. Description 


a. Production: The NIPPON KIGAKU KOGYO KAISHA and their subsidiaries 
were responsible for the production. Some additional information on 
this firm is given in NavTechJap Report, "Japanese Ordnance Research, 
Testing and Training", Index No. 0-38, 
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Production of this equipment commenced in June 1937, using designs 
dated about 1933 or 1934, at a rate of 5 units per month and at a cost © 
of approximately 136,000 yen each. ~~ 


ae a b. Limits and requirements: 


Speed of Operation 
Elevation CHC HR CHOC HOHE LETHE HO OHHHAHEHEHSOHEHESH ET HOe 8°/sec 
Training eet eeoeevreveeeoeesenos ee aeeveeeoeteeoeeereeeed 16°/sec 

Accuracy of Solution 
Train and Elevation escccccecececeeees 12 minutes of arc 

: ° Fuze COCO Ree SESE AHHH TEE HH EHE OHO ESE SELRIO® 0.02 seconds 

average Time for Smooth Tracking ceeecaceseeeeese 20 Seconds 

GOlUtion Time weccssecccccsevecercccccceece 10 to 20 seconds 

Inputs to the Computer 
Present RAnge ceccccevescccceccsers Led to 20 km. (Auto) 
Present Height Corer revcesrsceeceeeses 0 to 10 kn. (Hand) 

 Blevation Angle csscoececcceessesecs ~L5° to 105° (Auto) 
Training Angie eeeevoeevvnneev eevee eeesevevevse sce eee $2200 (Auto )} 
Cross’ Roll cece reer cece eee nese aeeseeeneseene t100 (Auto) 
: Ro1lL eeevesovoesececeoeeverevocseeoaaeevenvaee eee eos #150 (Auto) 
Training Spotting Correction eaceeseeceoseon =200mm (Hand) 
Elevation Spotting Correction .secccsoeees *200mm (Hand) 
Future Range csescceccccsccees 850 to 12,500 m( Sem gun) 
Future Range eeneeereseoeeveses 750 to 15,006 m (10cm gun) 
Future Range eeececevevccescese 700 to 12,500m(12 & 12.7 
cm guns) 

Range Rate eee ooeveeeeeneeeeeeesaeanaeoene +500° knots (Hand ) 
Range Correction .:cceccesecsescevee #3000 meters (Hand) 
Range Spotting Coeoeeresoesescareceee +3000 meters (Hand ) 
Fuze COPrection .ccccccccccsceevcceecs -1O seconds (Hand) 

Outputs from Computer 
Lateral Deflection Oooevesoereosaoeeeeeorvogrerc 45° (Auto) 
Vertical Deflection .eccccccccccecsceccceecs $309 (Auto) 
FUZE cocccccccocecscesecsccecceoe L tO 43 seconds (Auto) 





i 


Physical dimensions and weight: 


Computer 
i Length exerecnereecovreceenvseseeveeeroeeeeereeneeeaneeese 1.5 m 
width ©: 9:00) 618 O60 8G OOS OO 8.8 Oe SOT Oe OOOO Oe Oe ee OS eee ee 0.58 m 
Height Ce eee eee eres eee desedseeTcHOoseHesegsereoee 0,92 nm 
Weight eeaecvoweeoveeeneev eevee eooeoeeacescenvoes ee eeneeveeeene 1k tons 
Director 
Working Circle 9.0.6 6 02:0 8 6. 6958. 8 OG 8 2:68 S 88 O16 F080 09'S Oe 5m dia 
Pedestal of DITeECtoOr seccoscesescocceccccescere Leh m dia 
Height exeevceceoeeecree cee enor ocr anecr esos eoeeeeaecazes 16m 
Weight eeesnvaoceseeooavzeeecveere ae cooaae se eooaeceeueoaen ed 33 tons 


to. 


37 Ce 


ad. Transmissions: 





Name Transmitter Type From To 
Range Power Selsyn Single (500m/rev) Director Computer 
Present Elevation Power Selsyn Single (1°/rev) Director Computer 
Present Training Power Selsyn Single (2°/rev) Director Computer 
Inclination . Power Selsyn Single (2°/rev) Director Computer 






SHIP-Lateral Deflect Diff. Selsyn Single (3°/rev) Director Guns 
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Name Traasmitter Type From To 


vertical Deflect Diff. Selsyn Single (3°/rev) Director Guns 


Fuze Selsyn Single Computer Guns 
LAND-Lateral Diff. Selsyn Double (289,360°) Director Guns 
= Vertical i Diff. Selsyn Double (10°, 90°) Director’ Guns 
Fuze Selsyn Double (10', 50%) Computer Guns 


5. Modernization. Below are listed the most modern improvements to this 
system at the close of the war: 


a. Opening fire on an estimated enemy course and speed before computed 
quantities could be transmitted to the director and without waiting 
for the solution time to expire. 


be Easier mass production (e.g. no ball bearings less than 1/8" dia}. 


c. Radar range and, later still, elevation and bearing for indirect 
and blind fire. 


a. Tolerances of 10 of arc in both training and elevating. 


es Better target designation and target acquisition. 
f. A calculated accuracy at 25° angle of sight, 45° bearing and pro- 
vision for, a 500 knot target. 


8. No three dimensional cams; used instead ballistic drvms with curves _ 
thereon, operators used hand follow-up. 


.h. WNo wind correction mechanism installed for wind corrections to 
range or to vertical deflection. : 


i. No range plot for rate of change of range but rate intergrators 
used instead for fuze prediction. 


In fact few of these improvements were ever carried out on this system and 
4t was due to the difficulties in realizing these improvements that the 
Type III -(shipborne) system was introduced. This system is described in 
part I (EZ) of this report. 


Electrical AA Computer For Large Caliber Guns 


1. General, A description of Japanese anti-aircraft fire control would 
not be complete without a brief description of an electrical AA computer 
designed to provide a form of barrage fire for large caliber guns. Figures 
9 shows this computer secured to the end of the main low angle table 
(SHAGEKIBAN Type 92) of BB NAGATO. This, however, is only one part of the 
device, the other parts include an attachment to the range plot for provid- 
ing future range to a bulkhead unit which contains drums with paper end 
metal cruves with follow-up arrangements. (See Figures 10 and 11.) The 
only remaining components are target speed and target angle transmitters in 
the director. A description of each of the two main portions follows. 









» Figure-y 
ELECTRICAL AA COMPUTER, 8B NNVAGATO 


2. Deflection Calculator (The Bulkhead Unit). One drum is calibrated for 
vertical deflection and the other for lateral deflection. ‘The hand cranks 
are therefore rotated in terms of sina,7, and T respectively to sat- 


isfy the equation: : R, R, cosa 


5 v cos @ 


T for lateral deflection and 
R, cos a 


o- EIDE gino, 7 for vertical deflection. 


target velocity 

target -angle 

future range 

future angle of sight 
T- time of flight 


as dR 
Range rate being rae. sin 6 cos a, 


3. Deflection Transmitter. These transmitters are turned by handles which 
rotate potentiometers to provide an electrical balance in the circuit of 
which the deflection calculator is a part. When the two voltmeters read 
zero, the conditions are satisfied and the correct deflections are’ trans- 
mitted to the guns. 


4e Deflections. Deflections so calculated are not very accurate and there 
are no corrections for parallax or dip (parallax due to vertical pase). 
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Only barrage fuzes were fired with this system and it is understood from 
interrogations that the equipment was designed initially for use against 
torpedo bombers. YAMATOand MUSASHI had such devices fitted to their 
SHAGEKIBAN Type 98. 


D. Card System for HA. Fire for Large Caliber Guns 


This card system is not unlike the card system at one time in use in the U. S. 
Navy and at different times advocated in the Britisn Navy. It is only of in- 
terest from a documentary point of view and a brief description is given for 
this purpose. > 


1. Input Data Required. Target speed, target inclination and continuous 
readings of present range. 


2. Qutput Data Required. Future range (for the correct selection of fuze), 
vertical and latera eflections. 


3. Theory Upon Which the Cards are Based. Figure 12 shows the relation- 
ship between pressnt and future range for an approaching target where: 


0 represents present range 


y 
P represents the range at the time of firing 
Q represents future range 
Assuming that t, is time required to use the table (2 to 3 seconds } 


is time required to transmit the data to the gun by 
telephone (3 to 4 seconds) 


is time required for setting the fuze (5 seconds} 
: is loading time (20 seconds) 
is time for obtaining cn accurate range cut (15 seconds) 
is time of flight,- 
and if ois the range rate, we get 


dR 


tis —_ 
R R—- (t, + ts Py ) or 


» ()) 


aR 
Ry Be Chg PR hg Og eo Be a (2) 


For NAGATO (t, +t, +t 


+ t,) Was considered to be a constant and equaled 
45 seconds. 


3 


Therefore R' =R- 45 Sricterstessseessesnaeeaneenecens (3) 
Equations (2) .and (3) are the fundamental equations to obtain R' and Ry 
from any present range R for different values of range rate so that, if 
present range and range rate are accurately and continuously known, future 
range and the correvt instant for firing can also be continuously obtained. 
See Figure 13. 


4e Practical Application. Ranges from 3000 to 24,000 meters are tabulated 
in 1000 meter intervals and range rate from zero up to 360 knots in 20 knot 


intervals with the cards prepared as in Figure 14 for range and deflection. 
The control office1 then applies the present position data, telephones the 
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Figure 12 
‘RANGE RATE ‘DIAGRAM 


Figure 13 
DETERMINATION OF FUTURE RANGE AND INSTANT FOR FIRING 
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TYPE III DATA COMPUTER FOR SHIP USE, 
GENERAL ARRANGEMENT 
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TYPE III COMPUTER, SCHEMATIC 
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deflections to the guns, and with a buzzer system indicates the fuze set- 
ting. When the actual present ranges is ripe the control officer presses 
the firing gong which rings in the L.A. Director (HOIBAN) and the layer aid 
trainer oress their triggers. 


3. The crews had to be practiced continuously for any degree of efficiency. 
Even accepting human errors, it was difficult to obtain consistant results, 


Type Til Anti-Aircraft Fire Control System (KOSHA SOCHI) For Ship Use 


1. General. This system is a shipborne equipment in contra-distinction te 
the Type III for land use, a description of which follows in section F of 
Part IT. There is no similarity between the two systems, the same type 


-. number being indicative only that they were conceived at approximately the 


same time. 


The evolution of this system hegan after the Battle of Midway in July 1942 
at which time it was found that the standard Type 94 System even with mod- 
ern improvements introduced as a result of war experience, did not meet the 
requirements of the Japanese Navy. 


The Type ‘III is essentially an. H.A. System and was intended to supercede 
the Type 94. Kure Naval Arsenal was selected to manufacture the equipments. 
The primary requirements in the design of the Type III were to provide a 

rapid solution time, to ensure that layer, trainer and control officer were 
ohnserving the same target and to reduce to a minimum the possibility of 
target, jiscrimination errors. The system of prediction is based upon the 
rectangular coordinate system and is fully tachymetric. The computer 
(HOSHA’ SHAGEKIBAN) transmits gun data direct to the guns (series principle). 
Other pet features are as follows: 


a Fomplete blind fire using radar data. 


be Control officer has scooter control for slewing to train 
the: director ox to any target which he selects. 


ec. An estimated targs+ course and speed. can be set se as to 
get approximate deflectiezs without having to wait for a solution 
time. . 


a. Simple conversion to other ballistics. 
e. No ballistic three dimensional cams - hand follow-ups instead. 


f. Highest possible accuracy with wind corrections to future 
range and vertical components of deflection. 


2. Computer (KOSHA SHAGEKIBAN). The following, in brief, are the equa- 
| tions to be solved. 


v cas 61 = x, sin é and 


v sin 6T = Ax + x,(1 ~ cos 8) 
From’ these we get x, sin 6 
v cos @ = tT 


and : Ax + x, (1 - cos 8) 
v sin @ 5 


x 58 
sT 


v cos 0 = 
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Figure 18 
TYPE III, VECTOR DIAGRAM 
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and : y sin é@ oe 
dT 
So we get expressions: =< v cos 6 -Asnt 
- OE a ee gules (1:— coss) 
at e a’ 
For the mechanical solution to the problem, therefore, the following are 
used: 
in 6 
x B= f (v cos @ aL SE peer ee teense (D) 
os pea x= f [v- sin @ = Ax + x os cos 6) ] ++ (2) 


The mechanical output from an integrator provides the correct solution to 
equation, (1) if 8 is an input to the disc, and x is the displacement of 
the ball cage from the center. Expression x,sin 8/T comes from multiplying 
jinkages and is fed into the ball cage. of another integrator so that the 
output is fvcos 6, These two quantities are subtracted in a differential 
and the difference shows up on a rate matching dial. By rotating the hand 
wheel in terms.of § the rates are then matched and equation’ (1) is'satis- 


fied. 





Equation (2) is solved ina similar manner. If, when tracking a terget, 
it is necessary to keep handle & rotating, it indicates a continuously 
altering target speed, target course, or both, so that.in the case of the 
latter, approximate predictions on a curved course can be obtained. Super- 
ees elevation and time of flight are obtained by following-up the indicated 

eine height on the curves on the drum for superelevation and Tp. The solution 
on of the balliatic functions are carried out in the seme way. 





This equipment was never completed, but manufacture of the prototype was 
: well underway at the end of the war. 





No drawings or data of any sort exist for this equipment, but the five 
illustrations may give an idea of the general principles. 


: | : 
F. Type Tit Anti-Aircraft Fire Control System (KOSHA SOCHL} For Land Use 


le gad eats Chronologically the Type III Anti-Aircraft Fire Control 
System (KOSHA SOCHI) for land use was more advanced at the close of the 
war than the Type IIT System for ship use and one experimental model had 
been completed. This particular piece of ecuipment (computer, not direc- 
tor) was actually seen at Toyokawa Naval Arsenal and was one of the very 
few pieces of equipment in the whole of the area which had not been conm- 
pletely destroyed by fire or by bombing. © 

i 











aoe This computer for use with the newest type high velocity gun (12.7cem, 50 
‘ae + oe cal, Type I) had been designed with the following considerations in mind: 
{ - 


a. High accuracy at extreme range; 30,000 meters (plan range). 





ee b. High accuracy for ordinary corrections such as ballistic wind, 
temperature, and initial velocity. 





c. Large separation of “gun patteries and directors up to a maximum 
of 500 meters. : 





= dad. Strict economy of materials and labor. 





e. Spitability tur mass production methods. 
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f. -Suitability for easy alteration to other ballistics. 


g. Disregard for economy of weight, space and the number of personnel 
required since it was for land use at fixed positions. 


h. Most transmissions, particularly for (a) and (b) were two speed-- 
course and fine--to obtain maximum accuracy. 


i.: Complete blind fire, but not autofollowing, by radar was consid- 
ered to be of primary importance. . 


Although both this equipment and the RAIUN Type 5 (a description of which 
follows in Part I, section G). are primarily for land use, they have a 
place in these descriptions of naval fire control since they have as their 
background naval philosophy and naval design; moreover, they wert made 
under naval auspices at naval arsenals and were to be’ used by naval per- 


sonnel. 


26 Director (KOSHAKI). This is of the conventional type ana similar to 
the reguler Type 94 but without cross~leveling arrangements or sights for 
level and cross-level. It mounts the standard 4.5 meter rangefinder and 2 
has the usual selsyn transmissions. It also has receivers for reder data 
so that by matching pointers the director can be following radar informa- 
tion instead of optical information. The director arrangements are shown 
in Figure 20 from which it will be seen that it is not powered or rate q 
aided and the operating personnel are as follows: 


e. Layer ‘ a Range transmitter 
be Trainer . es Spotter 
ce Range setter 


3. Computer (KOSHA SHAGEKIBAN) 


a. Basic theory. Computations are based on the rectangular cocrdinate 
method and the regular formulae are solved: 


X, cos (Be SPs x cos 6 +-D coe w= VyTotee ee <1) 


x, sin (6+ 8) - x sin £+D sin w= VyT ere s-s: (2) : 


The basic theory is similar to that used in the Sperry Army Predictor, 
though the method of solving the equations is different and is shown 
briefly in the schematic diagram Figure 21. The chief characteristics 
of this computer is that it is in five separate pieces with mechanical 
shafting connecting the first four and electrical wiring only to the 
fifth. It is arranged in this manner for the sake of convenience and 
because for land purposes no economy of space or weight is necessary. 
In order to obtain the highest accuracy possible very large resolvers 
are used (about 2 feet in diameter). Time of flight is produced by ~ 
following a curve upon a drum and ballistic corrections are made up 


from: 





(1) Vertical and lateral deflection due to wind velocity. 
(2) Time of flight correction due to wind velocity. 
(3) Vertical deflection due to I.v. drop and air density. 


(4) Time of flight correction due to I.V. drop and air density. 
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$s 
Position of director 


Position of gun 


0 
G 
P Present position 
Q 


' Future position 
x Present horizontal range 
x, = Ax+x Future horizontal range 
T ime of flight 
D ‘Distance between director and gun 
8 Lateral deflection 
BK Azimuth bearing of gun with respect to director 
& ‘Compass bearing of target 


Vx, Vy, Vz, Velocity components of V(V, third ..dimension) 


Figure 22 
TYPE III VECTOR DIAGRAM 


b. Physical arran ements. The five boxes can be briefl i 
follows (see Figite By ‘ly described as 


(1) Slant range and elevation are received 


present plan range ané 
height are calculated, : : : 


(2) Component resolvers solve «cos $,x Sin B,x 3in(f+3)and x cos(f+5} 
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(3) Deflections are salculated by rate mechanisms. S$ and Ax are 
obtained also, by means of foliowing a pointer on a drum, the time 
of flight correction resulting from dead time is calculated. 


(4) Time of flight and cuadrant elevation are obtained by follow- 
ing curves on cylinders. Corrections to vertical deflections and 
time of flight from the ballistic correction box show up on selsyn 
receivers. These corrections are added differentially to the \er- 
tical components to provide gun elevation. Lateral deflections 
however, are added directly to the outgoing gun training trans- 
missions. 


(5) The corrections are calculated by electrical resolvers (i.e. 

Wheatstone Bridge type of circuit, similar to the principle en- 
loyed in the Electrical AA Fire Control System for the main 

Batvery of NAGATO). The various ballistic functions which can ve 
obtained by future horizontal range and height are determined by 

following curves on cylinders, the rotations of which are propor- 
tional to future range. 

The data required are: 

(1) Superelevation . 


bey ty, where y, is standard superelevation and u, is, correc- 
tion including wind, 1.V. correction, etc. 


(2) Lateral deflection (Dr! 
Dp = 8 + Z+A 


where 5 is lateral deflection and Z equals drift and 4 wind correc- 
tion. 


(3) Time of flight 1, and T, (Fuze time) 
ty Stet qt 


where T, equals standard time of flight and Tlequals correction 


ineluding wind, I.V. drop, and air density. 
tee Aba, 
where T, is correction due to dead time 
dT 
1S to 
ane dt 
where T, = dead time) 
AT = correction for powder fuze 
a. Arrangement of personnel.“ This is shown in Figure 23 


G. Type 5 Anti-Aircraft Fire Control System for Land Use, "RAIUN" (Thunder- 
aaa 


1, History. Of all the Japanese fire control systems this, perhaps, is 
the most interesting, as it represents the very latest and most up-to-date 
thinking at the close of the war. Comdr. ICGHINOI was responsible for most 
of the design and planning. 


The scheme was an attempt to defend the vital Kure Area against 8-29 av- 
tacks. The equipment was actually finished and satisfactory trials com- 
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pleted when the war came to an end. 

2. General Description. The whole purpose of the scheme was to provide 
the maximum concentration of fire in the smallest possible three dimen- 
sional pattern in the sky. 


The gun batteries to be controlled were srrexud out on the hill tops sur- 
rounding KURE. There were five batterics in all, each battery consisted 
of three twin 12.7cm guns (Pigures 24 and 25). This meunt 30 guns capable 
cf firing, say, 10 rounds per minute or a total, therefore, of 300 rounds 
per miaute. 


There was a further proposal to lay cables to anchored cruisers so as to 
control their guns with the data from the RATUN, 


In addition, it was hoped to use a Type TII (land) equipment suitably mod- 
ified for 16-inch guns so that battleships could also engege attacking 
pomber formations with their main armament when conditions permitted. 





txclud ing the ship's batteries, however, and considering the five groups of 
varee ;win mountings only, one of the groups was known as the main battery 
and th; others as auxiliary batteries. Fach battery had its own optical 
rangefinder (Figure 26) and auxiliary director, but the main battery had in 

’ eidition the radar antenna and main director of which the latter was iden- © 
tical to the KOSHA SOCHL Type III already described. 





‘ “ ¥S 
The calcuLating mechanism for providing gun data for transmissior. to these 
tatteries was housed in a building halfway down the mountain side and 
associated with a general communication center close by. 





This calculating mechanism was the heart of the RALUN and consisted of 
seven large units (0.8m x 0.6m x 0.6m). These units (see Figure 27) per- 
formed quite separate and special functions as follows: 





ae Setting Unit. So cailed because all initial settings are made in 


= this unit, such as wind speed, target speed and ballistic data. 


b, and.co. Transhission Unit. For transmitting gun data corrected 


for time of flight and quadrant elevation to two auxiliary batteries 
each. (See Figure 28.) 


ad, Deflection Unit. For providing lateral deflection, drift, and 
bearing, and transmitting this data te four auxiliary batteries. (From 
this it will be seen that two transmissicn units are required for the 
four auxiliary batteries and these are mechanically connected to the 
setting unit--as is also the deflection unii.) 


e Firing Unit. So called since the actual fire of the batteries is 
controlled from this unit. It consists of a plot providing time of 
flight data; the guns are fired only when the fuzes become "ripe" or, 
in other words, when the time of flight is such that all bursts occur 
at the same instant of time (at the same place). See Figure 29 and the 
right hand diagram of Figure 31. 
















f£. Situation Unit. This is a plan position indicator and is supplied 
with radar data so that the control officer can observe the position of 
attacking bombing formations and select a new target if necessary. The 
original scheme was arranged for present position data, but this was 

altered to future position information since this provided the control 


officer with more "up-to-date" information. 





& «ype III bata,computer (KOSHA SOCHT), The standard design of 
data computer is described previously. In the equipment at KU, 
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‘however, the Type III data computer was missing and a simplified - 
with resolvers had been in use. The Type IIIT would have been ins 
when available. 





Mechanisms and Formulae 
a Resolvers. The solution of trigonometrical ratios in the RAIUN is 
performed by electrical resolvers, The resolver used is an ordinary 
selsyn whose three phase winding has been converted to two phase and 
whose "stator" could be rotated as well as the rotor and independently 
of the latter. This is done in order to obtain £ sin (6~ 4) or . 
€cos {(@~ ¢) in the form of a voltage. If a voltage ecual to = is given 
to the stator and the stator and rotor turned to values of 6 and @ re- 
spectively, then the voltage in the phase of the rotc= will be proper- 
tional to € sin or ¢ cos and the other will be cos or -t' sin, Figure 30 
‘Shows how this can be done. It will be seen that by means of a volt- 
meter G,, £cos (@ - 4) can be read or by using a potentiometer and 
zero method with G,,.¢ sin (@ - ¢) can be obtained in terms of the me- 
chanical rotation of a handle. Figure 30 also shows how two vectors 

A and B can be added and a resultant vector C obtained by completing 
the parallelogram for solving: 


C= A cos \f ~ £,) - B cos (P, - ) 
and - Asin (6,-- 8) - B sin (2, - B) = 0 


These vectors are solved by the resolver method as shorm in Figure 31 
in which G, indicates the zero position voltmeter. The handle g¢ must 
be rotated until the voltmeter Gj is at the zero position and handle 

C rotated until Go is. at zero. oe modifications had been made to . 
this schemes; the two rotors were not rigidly coupled but had a differe 
ential between them. The stators under these conditions could be 
fixed. Since the motions between rotor and stator are only relative, | 
it is reasonable that by this method f, - &, can be sclved ecually weil) 
It can now be seen that this resolver méthod is well adapted for 
solving a pentagonal figure as shown in Figure 32 in which Gi repre- 
sents the gun position and O the director. 


in its simplest form, this pentagon can be reduced to a triangle when 
the gun is. sited with the director and there is no wind vector. 


The number of pentagons to be solved in this manner are equal to the 
number of auxiliary batteries. The solution of these pentagonal figures 
is really the heart of the RAIUN System. It will be appreciated, 


_ therefore, that there are no parallax problems in this system and the 
- preblem is solved separately for each gun position. 


be Calculated functions and quantities. 


(1) Wind. Suppose that the projectile is moved L meters due to 

the wind during the time of flight T, then L/T represents some 

velocity of the wind (but different from the actual wind velocity 
| Wy) and aso a function of Wy, range, and height. 


{2) Time of “light and Superelevation. These are obtained by 
following-up the regular height curves of time of flight and 
quadrant elevation, the rotation of which is in terms of horizontal 
future range. P . 
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Figure 30 
RAIUN RESOLVER PRENUIPLE 
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Figure 34 
RALTUN RESOLVER PRINCIPLE 
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O-POSITION OF MAIN 
DIRECTOR (MAIN-BATTERY) | 

P- PRESENT POSITION ; 
OF TARGET 

G-NO t AUX-BATTERY 

D-DISTANGE: OF AUX-BATTERY 
FROM 0 

M-ANGLE OF AUX-BATTERY 

T.-TIME OF FLIGHT REFERRED 
TO NO i AUX-BATTERY 

Qj, FUTURE. POSITION OF 
TARGET WITHOUT WIND 
REFERRED TO Gt. 

R- FUTURE POSITION OF 
TARGET REFERRED TO G; 

X- FUTURE HORIZONTAL 
RANGE, 

V- TARGET HORIZONTAL. 
VELOCITY 

W-FUNCTION OF WIND 
VELOCITY W,,Xi @ 
HEIGHT 

8,Wsy --TANGENT ANGLE & 
DIRECTION OF WiND 


Figure 32 
RALUN SOLUTI OV OF PENTAGON 


(3) Fuze Time. The method of obtaining simultaneous bursts has 
been referred to in. paragraph 2 under the heading "Firing Unit», 
The paper moves in the direction of the arrow (see Figure 31, right 
hand diagram) and the slits in the. carriage throw light up to the 
underside of the paper. The. distance of each slit of light fron 
the base: line SL represents the time of flight for each battery. 
Kacn battery, therefore, is fired when the correct moment is deter- 
mined by the plot operator who pushes the appropriate button. 


4. Accuracy of Electrical Resolvers, The component electrical resolvers 
referred to earlier have an accuracy of not better than 20 owing to a poor 
sine wave form, These resolvergs were adapted from ordinary synchros, but 
it was planned to design some specially tor the job for wiiich an accuracy 


of 1° was desired. 


iwo of the resolver. have been sent to the United Stax for further study, 
Two of the time of flight and quadrant elevation drums nave. also bean 
shipped. 


H.A./L.A. Destroyer Fire Control Systems - Tyne 2 1:0. and Tyre : 
BIODOBAN 


ie General, This’ system was. specially designed fer use n°large jcstroyv- 
ers. as an all purpose equipment, The dusieners were faced with the tesk 
of designing a computer suitable for both L.A, and : ‘i = 
BIODOBAN did meet the requirements, the complications wer- considsred to 
be eut of all propo-tion. For instance, instead of mati e the equipment 
basically suitable for either H.A. or L.A. (that is to « vy, tor larce 
angular rates or alternatively small sagular rates) an uttenpt was made to 
use the sume mechanisms to provide euuai accuracy for both extremes by the 
interposition of change gears and clutches operated by change-over handles, 
To change: over, therefore, from H.A. to L.A. and vice verse, recuired very 
careful drill anu a complicated iinis” up procedure, 
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In spite of the extreme complication necessary toa obtain equally accurate 
T.A. and L.A. Fire and inasmuch as guns used were primarily L.A. weapons, 
(12.7em, 50 cal) tne snips fittea with these eqyui;uents were not satis- 
factory for E.A. fire. . 


.The system belongs to the conventional "series" type of system and gun 
transmissions are made direct from the computer. 


2. Type 2 (HOIBAN) Director. The director (see Figure 34) is entirely 
enclosed in a tower and the whole structure is trained by hydraulic power. 
Pne director is bi-axial and there is no cross-leveling of the optics as 

in the full H.A. systems. On the top of the tower is mounted a 3 meter 
rangefinder which is free to train (separately from the tower) and the 
operator moves it quite easily. In the tower in addition to the regular 
layer's and trainer's sights, there are two others; one for the control 
officer for spotting and the other. for use as an inclinometer (target angle} 


The following personnel are required for operation: 

‘a. Trainer f. Control leveller 

b. Layer & Inclinometer operator 

ce. Range setter Communications 

d. Range taker Communications 

e. Control officer 
Figure 34 shows the positions of these men. Under conditions of HA. fire, 
the operator previously carrying out the duties of inclinometer operator 


becomes the leveller and level is transmitted by differential selsyn to the 
computer (BIODOBAN). 


Its size is 2 weters in diameter and 2% meters high and weighs 4+ tons. 
This director was designed and manufactured in Kure Arsenal. 


3. Computer (BIODOBAN) Type 2. ‘This H.A./L.A. Computer (see Figure 35) 
is stated to be the most complicated piece of fire control equipment made 
by the Aichi Clock Company. 


The method of prediction is the "angular rate multiplied by time" principle 
using rate integrators. In more detail it may be stated as follows: 


‘a. Range rate due to target movement is obtained from a range plot. 


b. For vertical deflection, the vertical rate component is multiplied 
by time of flight. 


ec. For lateral deflection; the lateral rate component is nultiplied 
by time of flight. 


To get these rates, the rate matching method is adopted and the following 
equations are solved mechanically: 


(1) Range 


R, = Ror ieee BR a 


_where R, “is future range 
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is range difference due to target speed ~ 


R is daily correction plus own speed correction plus 
spotting 





is time required to obtain range cut ee a 
(2) Vertical Deflection . 
prarhe + hp * total deflection 
es where ¢ is superelevation 
o is vertical deflection 
ho” is spot 


Ad. equals dip 








and ¢= ¢, +d with ¢, being suverelevation in the case of 
L.A. and ¢, being the correction obtained from a three dimensional 
: cam for correction in H.A. This vertical deflection is added by 
> differential selsyn to the director setting to provide gun eleva- 
tion. ° 





. (3) Lateral Deflection Dp 
Dp =D+St Zt D, 





where D is the deflection due to target speed 
sg is the deflection due to own speed 
z equais. drift 
D, equals spot 

(4) Time. of Flight T, 

| | Ea he Tes 
where: T, equals: time. of flight in the case of L.A. 
. - Z. equals correction to time with H.A. 


t equals correction for dead time, etc. 


The size of BIODOBAN is 1.36 x 0.75 x 0.9 meters and its weight 
is 1.25 kilograms. 


chs Destroyer and Ligat Cruiser Fire Control 














pe 5 Blind Fire H.A. 
Y (DENTAN HOLBAN 


‘4, General. ‘The urgent need of a radar director (to take the place of 
‘the: HOTBAN Type 2)-and to work with the BIODOBAN Type 2 brought about in 
1944. the design of the DENTAN HOTBAN. 


= One: of tha primary considerations was that there should be as little al- 
* teration as possible to the HOIBAN Type: 2 or to the BIODOBAN: Type 2. 


The new blind firing director remained, therefore, a two axis design; it 
became somewhat heavier. and taller on account of the radar antenna and 

rather more. complicated on the training side due to the addition of more 
follow-ups. 
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It is unfortunate that there are no drawings or handbooks for this eqip- 
ment, as it. represented the latest ideas in Japanese fire control equip- ~ 
« ment for destroyers and light cruisers. The only information which has 
beengathered is from Commander TCHINOL. 
Figure 36 shows the director and the disposition of personnel within it. 
Ze Operation of the Director. In order to keep the director trained 
upon a target by observation of a spot of light in the trainer's cathode 
ray tube, the training component is split into two parts (see Figure 37): 
a. Change of bearing due to target speed. 
b. Own ship alteration. or course. 
The amount of alteration due to training on account. of own ship's altera- 
tion of course is transmitted from the computer (BIODOBAN Type 2) through 
a differential. to the sensitive side of the hydraulic training unit. The 
change: of bearing due to target speed is added to this cuantity through @ 
differential and transmitted to the computer where predictions are carriei 
out as already described.» 
The diagram shows that the director can be. trained from three places: 
ae The control officer's T, transmitter. 
be The radar operator's T, transmitter. 


c. The trainer's ae 
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Figure 36 
GENERAL ARRANGEMENT OF DENTAN HOIBAN TYPE V 
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The first two are received through a selector switch by R , on the sensi- 
tive side of the training gear. The layer rotates his handwheel in terms 
of a- i, which is angle of sight plus roll in the line of sight or direc- 
tor setting. This quantity, added to vertical deflection (in H.A.) and 
superelevation, enters the mechanism box for "future” position (i.e. gun) 
data. Only the director setting feeds into the "present" box. Both boxes 
are fed with cross-roll and their outputs are & and €,. These, in turn, 

ey are transmitted to receivers R3 and Ry, so as to*obtain transmission of 6 
ae (target bearing) and @+€& (future tetnot bearing). 


Je A Simple Sine Wave Mechanism 


1. General. It is believed’ that this mechanism may be entirely Japanese, 
put if not, so far as is known, it is not found elsewhere in British, 

. American or German fire control. It is the invention of Mr. MIZUNO of 
the NIPPON KOGAKU KOGYO. Mr. MIZUNO was lost at sea in a submarine on his 
way to Germany in 1943. This mechanism is suitable for solving sines only 
within certain limits and, therefore, its application is strictly limited. 
It is to be found in the Type 94 Computer (KOSHA SOCHI), so the mechansim 
can be further examined and analysed in the U.S.A. The mathematics of the .- 
scheme is presented below. 


. 8 








2. Description. This simple mechanism consists of two regular spur gear 
wheels mounted eccentrically. One drives, the other is driven. 


Let these two spur gears of pitch diameter 2a mesh with each other but 
- with an eccentricity of v and whose relation, therefore, can be shown as: 








e 2 
d= 6 + sin G+ 4 Sin 2O + cocvcrecvervevecveaceeverseresevavsvasevses (1) 
a 


where ¢.= uniform rotational angle of the driver 





and @ = non-uniform rotational angle of the driven. 


[The radius of each spur wheel being "a", let 01 and Py be the centers of — 
the gears, and O and P be the rotational centers as in Figure 38. ‘ 


Let A be rotated by an angle? , then Q; traces out a path to Qo and Py to 
Po anii the positions of the gears change from AB to A'B’, then: 


O2Ps=28 and OP=a-e+a+e=2a 
» Then we obtain the following relationships: 





OP, cos 8 ~ PP, cos ¢ + 00, cos 6 = OP i.e. 


2a cos 8 - efcos ¢ - cos @) = 2a 


. cosds=l + (cos p- cos @) see eeececncecscersecessrsecereccececees (2) 
a 2a 
: and 00, sin @ + PP, sin g=0, P, sin 3, ive. 
-e(sin @ + gin-}\ = 2a sin 6 
e 
sin § = — (sin@ + sin DP) -cevecccvecesevceseeseevcvccns (3) 
2a 






By squaring and adding we obtain: 





> . e . e? : 
LE aes a teos @ ~ cos. G) Tet {2-2 cos ¢ cos 6+2 sin 6 sir ¢} 


cos ¢ - cos = SEL 1+ cos (p+ 6) J 





Figure 38 
SIMPLE SINE WAVE Mf CHANISM 


Putting g=09+A9 and neglecting higher terms we get: 


cos @ - AG sin @ - cos @ = =~ (1 - cos 2b - A sin 20) 


therefore 
A =5% (2 sin"@ ~ A9 sin 26) - 
e sin 2 _e 


o D6 (1 - a--- = = Sin 6 
2a sin @ a. 


Thus we get “ 

e 

MSS ei ot. i SU a 
a 2a siné@ 


_@ e ? 
Seg ee. Bi ee et) 
Neglecting the higher terms, therefore, we can say that: 


d= 6 +— sin @ Cree essereoereeseornvereseee terres osseereeeeeeeresesoeeaeteres (4) 


3«. Mechanical Application. If we wish to get sino fromo we substitute 
g = M@owhere m is a constant. Then: 


e - 
ob SMe + — Sin MT cocsescccnccevevevescrevescssrescsavcescersessseseses (dO) 
2 a 
; x 3 e 
This. must~-be equal to nsince so that we put n sino=mo+—sinmo where 
n is a constant, - a 
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But. as this cannot be true for all values of o we assume 
that 
tt or OL 


i 
so that n-sin 7 = mm, + sin mo, poorer enreeerreeeeeorereroeeneesoeHeserere (6) 
a 


If we determine m, e, and a; we can find n from this equation. Generally 
speaking, however, if om be. the maximum value of 7 and on is the 
maximum :value of negative deflection we have to give the following limit: 


m(omton )=2Kzr O<KZ1 pec ccecoenereveccrerrcesrsreresseserccessersessel( 7) 

Tf a value of k is assumed, om and on being known, m is determined 
and from (6) for values of "e" we obtain values of n. From equation (5) 
values of ¢ are calculated for all values of e and the acceptable error 
found for the relation ¢ = n sino The most suitable "e" can then be 
selected. 


For the best results the maximum value of "e" is about 2mm when "a" is 
50mm. Z 

PART IT 
Short Range H.A. Director Type 95 (SHAGEKT. SOCHI) 


1. General. The Type 95 short range H.A. director system was the stand- 
ard one in use by the Japanese Navy. 


It is based on the "course and speed" principle and originally copied fran 
the French "Le Preiur" sight. 


It is the only system which was associated with a remote controlled mount 
and this was the 25mm MC. 


The mést usual kind of installation was three twin-gun mounts controlled 
by one director, but sonmebimes there were two triple gun mounts instead. 
‘Tn all cases of multiple mountings, the elevation and training motors 

were interconnected by selsyns to prevent the motors getting out of step. 


A 111 description of the Ward-Leonard Remote Power Control is given in 
NavTechTap Report, "Japanese Fire Control", Index No. 0-29, but the 
following remarks are relevant. 


2. Description. The control officer has a scooter control which has two 
pairs of vibrating contacts; one for elevating and one for training; these 
contacts are vibrated by means of an eccentric cam. 


If the scooter control is moved, one side of the pairs of contacts will 
complete the circuit for a longer time than the other and the generator 
will be taereby excited so that the motors will be driven at high or low 
speed accordingly and in the appropriate direction. Figure 39 shows this 
arrangement. . 


The maximum target speed that could be set in this system was 600 kilo- 
meters/hour. When the demand for handling higher speed targets was made, 
the only satisfactory solution which could be supplied was the addition 
ees atched ring sight in the control officer's telescope, (See Figure 
1,0. ‘ . 2 


This ring sight provided for 900, 800 and 700 km/hr target speeds. 
3. Remarks. Since there were no drawings or descriptions of this system, 
the above has been obtained through interrogations. It appears that the 


Navy could not procure the necessary manufacturing caravity to fulfill its 
requirements and decided, therefore, to simplify this ecuipment which then 


52 
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800 KM/HR. 


V=700 KM/HR 


THIS IS USED WHEN V 
LESS THAN 600 KM/HR. 


Figure 40 
RING SIGHT IN TELESCOPE OF KOSHA SHAGEKI SOCHI 


became known as the Type 4 Mod 3 and is described in the next section. 


It is curious that: the Japanese Navy took no steps at all to design any 


Ouner form of sight based on more advanced principles or which were tachy- 
metric. 


Simplified Short Range H.A. Director System e 4 Mod 3) (KOSHA SHRAGEKT 
SOCHI : : - 


1. General. The illustrations of Enclosure (F) show the equipment which 
resulted from the requirements outlined in the remarks on the Type 95. 
Director System (see Part II, Section A). The greater simpliéity of man- 
ufacture did much to hasten the more extensive fitting to ships of short 
range Girectors and the ae of it on land. It was stated that the suc- 


cessful development of a hp friction type torque amplifier also contri- 
buted to the popularity of the Type 4. 
This sight was intended for the control of: 

a. 25mm Machine Gun Mounts. 

b. 12cm Multiple Rocket Guns. 
It was also used as the main director in small modern destroyers having 
one single and one twin 12.7cm gun, and as the auxiliary director for 
jand use (also for Type 98, 10cm and lecm guns). 
The basic differences from the Type 95 are as follows: 

a, Tracking was manual. 


b. No anti-log cam was installed as on the Type 95, but 
instead a graphical method was used. (Deflection multiplied 
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_ by ballistic quantity is obtained graphically instead of 
mechnically and superelevation is not set automatically but 

‘must be separately.) 

Description. This Type 4 Mod 3 sight consists of five main sections: 


a. Elevating gear. 


b. Traversing mechanisn. (When used on land, a response 
differential for training is provided.) 


ce. Dummy target with its mechanical linkages. 
'@. Fuze setting equipment. 
Oe Vertical and lateral spotting correction gear. 


Limits of Operation. 
a. Angle of Elevation: + s0° 


Angle of. Depression: - 15° 
Transmission Speeds 
_Blevation: Coarse 90°0/rev 
Fine 10°/rev 
Training: Coarse 360°/rev 
Fine — 20°/rev 
“Fuze: Coarse 50 secs/rev 
Tine 5 secs/rev 
(Note: One revolution of the elevation handwheel elevates sight 3°.) 
ce Range 
HeAe LOCM BUN eocorcerecessececs 2000 to 14,000 meters 
12-12.7cm guns eseevaeoveeen 2000 to 10,000 meters 
LeAe LOCM Bun eovcccvacvesececces 100 to 13,000 meters 
12-12,.7CM eoccvececccsvecce 100 to 10,000 meters 
Target 
Diving ANgle cevceeesccsscecersccereseesscerss to 90° 
Climbing SNZLO coceceseccrcesecscececresssccne to 30° 
GOUPSE sececcccccsccccercscsevesersesoeeess 0 to 360° 
SPCed cocvececevsccvesessccresesrcrces 0 to 400 knots 
Training Limit: 2 revolutions each way (total 4) 
Deflection spotting, lateral and vertical:160 mils. 
Fuze 
LOCM BUN coceesccceeccsosesecccsesers 0 to 38 seconds 


12cm gun eeeonerrevsesoreeseeveverere 0 to 28 seconds 
LZ.7GM UN woccesvescescenovsesereres 0 to 35 seconds 
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(Spotting correction from 0 to 8 seconds.) 


Working circle: 2 meters 


“eight: 295 kg (without shockproof mounting) 


Personnel: 
(1) Control officer 

(2) Tracker . 

(3) Range setter 


(4) Fuze operator 


(5) Spotter 


he Functional Description (See Fi rel(Fj}in Enclosure (F). The rotating 
head B can be trained on pedestal A and the training angle is obtained 
from the gear D which rotates on the fixed gear C attached to the mount 
A. The lateral deflection from the spotting knob is added differentially 
and the total gun train is transmitted by the gun training transmitter. 


Fuze time is obtained by rotating handwheel G to follow indicator H on- 
the range curve on the time of flight drum and this is then transmitted 
by the fuze transmitter. The elevation portion of the sight with its 
telescope L is connected to gear J attached to the gear box I and the open 
sight K. 


Target course is set by aligning the dummy airplane with the fuselage of 
the target (there is a mechanical response differential so that director 
training does not affect target bearing). 


Vertical and lateral deflections are outputs of the dummy airplane linkege. 
Vertical spotting correction is added to the vertical deflection and gun 
elevation is obtained. = 


superelevation is obtained by rotating nut O until the correct range mark 
is reached. 


Target speed is set on the target speed bar U against the curves T. 


5. Design Considerations. Correct gun training and elevation occurs when 
future tevation Ts 30° with a l2cm gun and 409 with a 12.7cm gun. in 
Figure 41 the situation is represented graphically. 


If O£B and OPM are similar triangles 


OM . PM ue hl sa Satake iam ee Rees ee thee enue css sesesewe tt) 


0B ~~ AB 
Tf OBB' and OMN ard similar triangles 


OM _ WM = OM a eke ere ee Trey res eee ey) 
7 OBt ~ BYB OB . 


- _ ON-AB _ vr 
From (1) and (2) we get PM = “OB = ler seiets Cee eee s 6 Oe ee ee (3) 4 


; 1 
In order to get the burst to occur at B, the superelevation ¢ (i.e. drop 
of projectile during flight) must be considered; the target speed curve 
can be drawn by calculations of the quantity L V2. 
é kh! 
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Figure 41 
VECTOR DIAGRAM FOR DIRECTOR TYPE 4 MOD 3 


The’ value LT/R, will also be determined if the future range R, and future 
angle a are fixed. (The error resulting from these assumptions increases 
considerably at over 6000’ meters). The.superelevation scale is obtained 
by making the scale of the superelevation linear; this admits of only one 
angle at which superelevation is exactly correct. In Figure 42 NM is at 
right angles to OH. Then in the similar triangles NMS and ONR we have: 


Z MNS = Z MOR = Za 
and ; . ON sin d= NM cos a, 
_ ON’ sing _ L sin > 
cos a cos a 


Fuze time is obtained from range and height. The height of the cylinder 
is 60mm (diameter) and. one revolution indicates 1109; length is 2.5mn, 
equivalent to one second. 


therefore 


For L.A. fire, range can be set by the L.A. range dial on the vertical 
deflection dial. 


For night L.A. fire, a spirit level is used instead of the open sight so 


that a rough stabilization can be effected. The training angle is obtain- 
ed under these circumstances from 12cm binoculars. : 


57 
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‘ Figure 42 
e VECTOR DIAGRAM KOSHA SHAGEKI SOCHI 
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ENCLOSURE (A) 


LIST OF FIRE CONTROL EQUIPMENT SHIPPED TO OIL, INDIANHRAD, 0. 


NavTechJ ap 
Equipment No. 


TE50-3004. 
05 
07 
08 
09 
10 
11 
12 
13 
14 
15 
JE21-3405 


Type 
Type 
Type 
Type 
Type 
Type 
Type 
Type 


Item’ 
Oo Fuze Time Computer (Nippon Optical) 

94 Vertical Deflection Resolver (Nippon Optical) 
94 Parallax Converter (Nippon Optical) 

94 Fuze Time Computer (Nippon Optical) 

94 Vertical Deflection Resolver (Nippon Optical) 
94 Lateral Deflection Resolver (Nippon Optical) 
IIT Land Use AA Computer (Nippon Optical) 

94 AA Director (Nippon Optical) 


Pointer's Optical Sighting Bracket (Nippon Optical) 


Layer's Optical Sighting Bracket (Nippon Optical) 


Cross-Leveller's Sight (Nippon Optical) 


Type 


91 Mod 2 AA Director (YOKOSUKA) 
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ENCLOSURE (B) 


LIST OF FIRE CONTROL DOCUMENTS SHIPPED TO WDC VIA ATIS 


NavTechJap 
Document No. Item ATIS No, 


_ ND21-3429 Fire Control Tests - FUSO (Battleship) 3945 
3430 ‘Fire Control-Tests - SUZUYA (Cruiser) 3946 
3434 AA Defense for Naval Vessels 3950 
3435 Type 94 AA Director - Adjustments 3951 


ND21-3440 to Type 94 Director- -Computer for 12.7cm 3934 
ND21-3440-47 ‘Twin Gun 


Second Level of Computer 
"(DR/dt) (T)" Calculator 
First Level of Computer 
Elevation Transmitter 
Everyday Correction 
Roll Receiver | 
Bearing Receiver 

Compass Receiver 
Elevation Receiver 

Third Level 

Cross Levéller's Sight 
-12 Pointer's Telescope 

-13 won Transmitter 

“14 Leveller's Telescope 

-15 Everyday Correction 

~16 Compass Card 


brrrrvaegcee 


NO MAJ OU Wo 0 


vs 
ri 
HO 


ND50-3440-17 Fourth Level 
-18 Second Level (Middle Plate) = 
-19 Trainer's Telescope 
-20 Vertical Deflection 
~21 Lateral Deflection Cos(a - a)/Cos a cam 
-22 Lateral Deflection 
-23 Plot 
=2h Plot 
~2 Own Speed Correction 
=-2 err Cam 
=27 Axis Converter 
-28 Parallax Correction 
-29 Parallax Correction 

, #30 Time of Flight Clock 
-31 "(DR/dt) (T)" Calculator 
=32 Super Elevation 
-33 Rate Mechanism No. 
=3h Rate Mechanism No. 
-35 Rate Mechanism No. 
=36 Rate Mechanism No. 
-37* Director No. 1 
-38 Director No. 2 
-39 Director No. 3 

| «40 Director No. 4 
-41 Director No. 5 
42 Bearing Transmitter 
-43 Bearing Transmitter 
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NavTechJap 
Document No. 


ND50=3440-L4 
-45 


~1,6 
“47 


ND21-3441 to 


ND21-3441-55 
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EXCLOSURE (B), continued 


Item 


Bearing Transmitter (Calculation) 
Bearing Transmitter 

Blevation Transmitter. 

Notes on Assembling Computer 


Type 92 LeA. Data Computer for 36cm and 
40cm Guns 


General 

Plot 

Plot 

Plot: 

Lateral Deflection Dial 
Range Rate Dial 

Plot 

Range Receiver 

Own Speed Resolver 

Own Speed Resolver 
General Plan View 
Bearing Rate Dial 
Target Speed Resolver 
Own Speed Resolver 
Wind Speed Dial 

Time of Flight Dial 
Bearing Gear Train 
Compass Card 

Own Speed Resolver 
Plot 

Plot 

Rate Mechanism 

Range Averager 

Plot 

Deflection Transmitter 
Time of Flight. Mechanism 
Target and Own Speed 
Deflection due to Target Speed 
Bearing Gear Train 


Rate Mechanism 


Starter 

Range Transmitter 
Dip Correction Gear 

Compass Card 

Bearing Dial 

Range Receiver 

Bearing Gear Train 

Bearing Dial 

Deflection Calculator due to Wind Speed 
Bearing and Range Rate Dial 

Target and Own Speed Dial 

Plot 

Rate Mechanism 

Range Dial 

Future Range Dial 

Range Correction Dial 

Manuel Gear Train 

Manuel Gear Train. 

Future Range Dial 





ATIS No. 


3935 






NavTechJap 


Document No. 


ND21-3441=50 


ND21-3442- 1 
ND21-3442-19 


Pertrrnety 
OMNI OWE WN 


-10 
-11 
-12 
-13 
~14 
-15 
~16 
-17 
~18 


-19 


ND21-3443- 1 
ND21-3443-2h 


prrepedrves 


SO ANIA Ww dk 


Proetepenea 
HHH Bee eh 
MIAN EwWdrO 
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ENCLOSURE (B), continued 


Item 


Range Difference due to Own Speed 
Target and Own Speed Dial 

Range Difference due to Target Speed 
Plot . 

Rate Mechanism _ 

Wind Velocity Dial 


Blueprints: Type 92 L.A. Computer for 
20cm Gun 


Wind Velocity Dial 

Bearing Dial 

Range Difference due to. Own Speed 
Range Difference due to Target Speed 
Own Speed Deflection 

Target Speed Deflection 

Range Dial 

Future Range Correction Dial 

Own Speed Dial 

Target Speed Dial 

Dip Correction Gear 

Plot 

Plot 

Plot 

Wind Velocity Deflection 

prift 

Future Range Dial 

Plot 

Compass Card 


Type 91 AA Director 


Mounting 

Pointer'ts Telescope 

Trainer's Telescope 

Leveller's Telescope 

Cross Leveller'’s Telescope 
Vertical Cross Roll Correction 
Parallax Correction 

Roll Converter 

Lateral Deflection No. 1 
Lateral Deflection No. 2 

Time of Flight Calculator 
Vertical and Lateral Deflection Calculator 
Vertical Deflection Calculator 
Vertical Deflection Calculator 
Parallax Calculator 

Drift Calculator 

Future Range Calculator No. 1 
Future Range Calculator No. 2 
Range Rate Calculator 

Conpass Card 

Cross Roll Correction Gear 
Wing Correction Gear 

Super Elevation Gear 

General Arrangement of Calculator 
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BwcLosure (8), continued 


NavTechdap 
Document No. Item ATIS No. 


ND21~-3444- to Type 95. AA Director (For Ground Use) 39038 
ND21=-3444— 


- General Arrangement of Communication Wires 
General Arrangement of Communication Wires 
First Level 
Second Level 
Third Level 
"Fourth Level 
Fifth Level 
Sixth Level 


“ND21-3445- Type 94 Mod 1 L.A. Director 
> ND21-344.5-2 ; 


Firing and Illuminating Circuits (NAGATO) 
Bearing Gear Train (NAGATO) 
Cross Levellerts Corrections (NAGATO) 
Elevation Gear Train (NAGATO) 
Bearing Gear Train (CHIKUMA) 
Cross Leveling Correction (CHIKUMA) 
Elevation Gear Train (CHIKUMA) 
Bearing Gear Train (MOGAML) 
Cross Leveling Correction (MOGAMZ) 
Elevation Gear Train (MOGAMI) 
Firing and Illuminating Circuits Secondary 
Battery (HIET) 
Range and Deflection Receivers Secondary 
Battery (HIEL) 
Bearing Gear Train Secondary Battery (HIET) 
-14 Bearing Gear Train Secondary Battery (HIET) 
-15 Cross Leveling Correction Secondary Battery 
(HIET) 
-16 Bearing Gear Train Secondary Battery (HIEL) 
-17 Bearing Gear Train (MUTSU Secondary Battery) 
-18 Elevation Gear Train (MUTSU Secondary Battery) 
-19 General Arrangement 
-20 General Arrangement (HIEI Secondary Battery) 
-21 Cross Leveling (MUTSU Secondary Battery) 


ND21-3446- 1 Type 94 Mod 3 L.A. Director 
ND21=-3446- 


4 

1 General Arrangement of Tower 
2 Training Gear Train 

3 Blevation Gear Train 

L General View 


ND21-3447- 
ND2i-3447-2 


to Type 94 L.A. Data Computer (BLODOBAN) 


1 

6 

L Component Resolver 

2 Plan View Upper Part 

3 Deflection Dial 

L Plan View of Lower Parts 

5 Plan View of Upper Part 

6 Super Elevation Correction Geur 
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Document No. 


ND21=344-7- ‘ 


- 9 
* #10 
-11 
-12 
-13 
ath 
-15 
-16 
-17 
-18 
-19 
~=20 
-21 
-22 
-23 


~2h 
-25 


- Wp21-3448- 1 to 
_ND21-3h48~ 7 


ND21-3452 
379 


3480-1 
3480-2 
381 


3482 
3483 


“WD50-3006-1 


3007 
3020-1 
-2 
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ENCLOSURE (B)» continued 


Tten ATIS No. 


Future Rangs Dial 
General Gear Train 
Pian View of Lower Part 
general Calculator 
Deflection and sown Speed Dial 
jitter Geer Train 
Plan View of Transmitters 
Bearing Dial 
Motive Power 
Range Rate Dial 
pifferential Selsyn 
Plan View of Upper Part 
Plan View of Upper Part 
Super Elevation correction Gear 
Future Range Dial 
General View 
Plan View of Lower Part 
Plan View of Lower Part of Calculator 
Plan View of Upper part of Calculator 


Blectrical AA Data Computer 


General View of Deflection Follow-up Device 
Target Angle Setter 

schematic Diagram of Blectrical Lines 
Schematic Diagram of Unit 

Target Velocity Setter 

schematic Diagram ~- Genera] 

Deflection Calculator 


simplified AA Computer mype 2 (1942) 


AA Firing Data converter of Type 9, Mod 1 
Spotting Instrument 


Mechanical Play and Transmission efficiency of 
Destroyer Director - First Report 3988 


Mechanical Play and Efficiency Transmission 
of Destroyer pirector - Second Report 


General Description of Type 91. AA Director 
sight 3989 


AA Deflection Table (7em. Type 88 army Gun) 3990 


AA Deflection Table {12.7cm 40 cal 3991 
8cm 40 cal Gun) 


DENTAN HOTBAN Type > GA 3907 
DENTAN HOLBAN Type 5 GA 


SHACEKIBAN Type 98, Brief Description 3908 
schematic Diagram KOSHA SOCHI Type 91 3893 


Schematic Diagram (Gear Train) KOSHA SOCHI 
Type 91 
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Document No. 


ND50~3020=3 


3021-1 
“2 
-3 


3022-1 
“2 


3023 
3024 
3025 
3026 


ENCLOSURE (B), continued 


Item 


Schematic Diagram (Perspective) KOCHA 

SOCHI Type 91 : 

Notes SHAGEKIBAN Type 94 

Description with Diagram SHAGEKIBAN Type 94 
Adjustments and Lining up 


Schematic Diagram BIODOBAN Type 94 
General Construction 


Machine Gun Sight (SHAGEKISOCHI) Type 94 
Schematic Diagrams KOSHA SOCHI Type 95 
Handbook Complete KOSHA SOCHI Type 2 
Schematic Diagram KOSHA SHAGEKIBAN Type 3 
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ENCLOSURE (D) 


TYPE 94 ANTIAIRCRAFT DIRECTOR EQUIPMENT 
(KYUYONSHIKI KOSHA SOCHI ) 


Prepared by Nippon Kogakukogyo KeKe, TOKYO 
(Japan Optical Industry Co.) 


GENSRAL DESCRIPTION 
Ae Type — 


Angular velocity type, for indirect firing, composed of three main parts - 
Director, Computer and Gunhouse. 


1. Pre-war type for use on & ship, "KYUYONSHIKI KOSHA SOCHI" 


2. Mid-war type for use on 4@ ship, "KYUYONSHIKI KOSHA SOCHI" KAT 
ICHL (Revised type) - 


3. Mid-war type for use on jJand, "SANSHIKI RIKUYO KOSHA SOCHI ICHI 
GATA" 4 


These three types are the same in general principle, but differ in details. 
B. General 

ee 
The director is a sighting or directing instrument for use on a ship or on 
land, it measures the present values of elevation angle a , training angels 
6 and range R (and lateral and vertical inclination angles i and iy) and 
continuously transmits these to the computer. 
The computer calculates mechanically the necessary firing data - total 
elevation, deflection angles and fuze setting time - from above mentioned 
present data and transmits them to the gunhouses. 


The equations solved are as follows 


R 


5 7? by recording method 


T 


=Re+ 

: e _ R 

sin @ =— 
R 


= - (1 - cos 8) sina sin (a +0) by balancing wheel 
1 

. R + : 

sin 6 = a ag cos__ oecatin tea) py balancing wheel 
1 dt cos la t+ o) 


p= (T, ato) 
R, = R, (T, egy DF functional gears, multiplicator, camoid. 
f (7) 
Inherent speed correction ~ -V sin (f + CR ate) 
Parallax correction = B sin (At a eee functional gears and pro- 
- f (a + @) portion mechanisms. 


For the correction of rolling and pitching of ships, & so-called "co- 
ordinate - convertor", an optical model of co-ordinates, is used. The out- 
put data are transmitted to the gunhouse being corrected by correction 
devices. 


The types of guns, controlled are 10cm AA gun with mechanical fuse, 8cz 
AA gun with mechanical fuse and 12.7¢m AA gun wit: mechanical fuse. 
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ENCLOSURE {D), continued 


- fhe types of ships on which it is fitted are battleships, aircraft carriers, 
eruisers, and destroyers. 


PRINCIPAL DATA OF DIRECTOR 
he Director 
Name ‘Notation. Transmitter Range Notes 


Present Pow. Selsyn 1.5 to 20 km Computer 
Range . 


Height 0 to 9.5 km Reference 
Elevation ; Selsyn -15° +0490° Gunhouse 
Elevation: — Selsyn 0° to 90° Computer 


Training - Selsyn 4 220° Computer 
Angie 


vertical i Selsyn 15° Computer 
Inelina- 
tion 


Lateral i Selsyn % 10? Computer 
Inclina- 
tion 


Vertical 1 + Gunhouses 
Correction 

Lateral - So ° + Gunhouses 
Sorrection~ 


Be Rangefinder and Telescopes 


Name Magnification Field Pupil Objective 
4.5 m AA Rangefinder 12, 2h 3°, 165° 32 om 48 mm 
Sighting Telescope for elevation 8 , eee 5 40 mm 
Sighting Telescope for training 8 765° 5 40 mm 


Sighting Telescope for vertical 8 7Te5° 5 40 mm 
inclination 


Sighting Telescope for lateral hg 40 mm 
inclination 


= OC, Personnel 


1. Director officer Range observer {(R) 
2. Vertical pointer (a) Range transmitter 
‘3, Lateral pointer [f+ Cp) Spotter 

i. Vertical inclination pointer (i) 9 Runner 

5, Lateral inclination pointer (i1) Assistants 
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ENCLOSURE (D),. continued 


D. | Summary 


Total weight: 3,500 tons, approximately. 
Training motor: Electric motor -5 hp at 100 or 220 volts DC or k kilo- 
- ee watts at 220 or 440 volts AC. 


Hydraulic gear: Jonney's gear. (K 2.5) 


Oaet iaptou damper: For the sake of convenience in sighting an oscilla- 


tion damper is installed. 


PRINCIPAL DATA OF COMPUTER 


A. List of Input Data 


Name Notations 


Present range R 


Range change rate dR 
at 


Spotting Sr 
. Range correction 


Time of flight 


Fuse correction 
Elevation 
Training 


Compass 


Vertical inclination 


Iateral inclination 


Correction for target 
on’ the level 


Inhez ent: speed corr. . 


Parallax correction 


Receiver 
Pow. Selsyn 
Set by hand 


Hand input 
Hand input 


Set by hand 


Hand input 
Pow. Selsyn 
Pow. Selsyn 


Hand input 


Selsyn repeat- 


er 
Pow. Selsyn 
Pow. Selsyn 


Hand input 
Hand input 


Hand input 


Range 
1 to 20 km 
+ 500 kt 


+ 3,000 m 
+ 3,000 m 


1 to 43 sec 


Notes 
From Director 


By aligning renge 
marks on the 
range change rate 
chart 


Spotting by obser 
vation 


eather latitude 
correction & C 


By aligning opti- 
cal slit in range 


marks on, the renge 
change v. chart 


From Director 
From Director 


From Main Compass 


From Director 
From Director 


By time of flight 
correction 


Follow the point- 
er dial 


Follow the point- 
er dial 
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ENCLOSURE (D), continued 


@ Name Notation Receiver Notes 


Vertical total corr. Hand input Co-ordinate con- 
. verter 


Lateral total corr, Hand input Cor-ordinate con- 
verter 


B. List of Output Data 
Name Notation Transmitter Range Notes 


Fuse ; =T+e Selsyn : 1 to 43 sec For Gun 


Vertical total corr. Differential For Gun 
Selsyn 2 


Lateral total corr. Differential For Gun 
Selsyn = 


C. Personnel 
1. Computer officer. 
2. Range and range change rate setter. By operating the handwheels 
of time of flight and range change rate, the optical slit line is 
aligned to the range marks on the range change rate chart. ‘. 


3. Vertical deflection setter. Operating the vertical deflection 
headwheel stops the balancing wheel of the vertical deflection dial. 


he Lateral deflection setter, Operating the lateral deflection hand- 
wheel stops the balanetng wheel of the lateral deflection dial. ? 


5.. Compass receiver. By operating the compass handle the pointer 
follows the compass repeater. 


6.° Vertical inclination correction setter. : = 
7. Lateral inclination correction setter. Both No. 6 and 7 operating 


their handwheels set the mark "0" of the "Optical Co-ordinate Conver- 
‘ ter" to the fixed murk. 


8. Correction Setter No. 1. Correction for fuse setting and for level 
target. 


9. Correction Setter No. 2. Correction for parallax and for inherent 
speed. 


D. Summary 
Total weight 2,000 kg, approximately. 


Constant speed electric motor, 100 or 220V, DC, 1/4 hp, 4,000 RPM. 


Dinensions and external appearance are shown in annexed figures. 
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ENCLOSURE (D), continued 


IV. PRINCIPLE OF COMPUTATION 
er ne nl dl 
Assumption: 
Target speed is constant. 


Target does not change its course. 


Notation: 


See Data List (paragraph IIT )ana: 
Figure 1(D) 2 ; 


: Piéure 1(D 
.Fundamental equations: TYPB 94 en 
DIAGRAM OF PROBLE 


. d 
R, sin (a +o) -R sina a Sin la + o)-T 


: 5 d 
R, cos (a +o) sin $8 = Recos or 


d 
R, cos (a +o} cos 8 ~Reosa = aie cos (a + o).T 


R, = R+ OT +R Jl - cos 8) cos a cos (a + o) + 1 - cos of 


d@ 
R cos a ae 


sin §°= . 
R, copsato dt 


sin ¢ =— Gey (1 - cos 3) sina sin (a + o) 
R, dt 


Time of flight T is a function of future Tange R) and future elevation, 
_ Therefore, 


R, =f (T, ato) 
Superelevation is also = 4 (Ry gto) 
¥ =¢(T, atc) 
Inherent speed correction w ig given by 
@ >= - V sin (8+ Cp + 6) f (R,, ato) 


f(T) 


SS i + + PT eer 
V sin (8 + Cp + 8) Gees 


whé2e Vis inherent speed and the calculation is carried out assuming V is 30 
knots. Thsrefore, when V is 24, for example, the co 


rrection value must be 
. multiplied. by 24/30, i.e. 0.8.-- This multiplication is accomplished by change 
gears. j : 


7\ 
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ENCLOSURE (D), continued 


Parallax correction n 


N= B sin (8 +t Cp + 5)/R, cos (a + a) 
f (Tv) 
f (ato) 
Bis the base langth (distance between director and the gunhouse) and the cal- 


culation is carried out assuming B = 40 m. Therefore, fcr other -base lengths 
change geurs are used for multiplication. 


n= 8B sin (8 + Cp + 8) 


The meckaaics of the computer and arrangement of its parts are shown in Figures 
1(D) to 4(D). 
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Figure 2(D) 
TYPE 94 COMPUTER 
ARRANGEMENT OF CONTROLS AND POINTERS 
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ENCLOSURE (D), continued 
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Figure 4(D) 
TYPE 94 COMPUTER 
DRAKING OF PLAN AND SIDE VIEWS 
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ENCLOSURE (E) 


TYPE 94 DIRECTOR MODIFICATION I 
GENERAL DESCRIPTION OF DESIGN 


Prepared by Ichiro MIZUMO 
Kawasaki First Designing Section 
Nippon Optical Company 


f 12 January 1944 
A. Introduction 


After the outbreak of the China incident it was necessary to increase suddenly 
the: number of Ag directors aboard ‘ships, and considerable progress was made. 
However, it was apparent that Japanese optical concerns previously engaged in 
the manufacture of AA directors could not meet the demands and so plans were 
made for their manufacture at navy yards as well. ; 


Then, when the Greater East Asia War commenced, an urgent need for increasing 
the number of shipboard AA directors arose. Thereupon plans for the immediate 
construction of AA directors and increased production were advanced by Tech. 
Lt. Comdr, SUGANUMA of the Navy Technical Department, Tech. Lt. Comdr. ICHII 
of the Kure Navy Yard, and others. Furthermore under the leadership of Comdr. 
NAKAYAMA of the Navy Technical Department, cpinions of personnel who used the 
equipment were considered and the following plan was formulated by integrating 
their ideas with those of personnel from the Naval General Staff, the Yokosuka 
Gunnery School, and the Tateyama Gunnery School, which manufactured the AA 
directors, An outline of requirements for AA directors to be used aboard newly 
constructed vessels follows: 

1. To be capable of conducting pointer fire and spot firing. 

2. To be capable of firing by estimating target course and target speed. 

3. To be capable also of angular velocity type firing. 


k. To make feasible target course and target speed type firing and the 
conduct of pointer fire by sight base only. 


5. To be capable of being produced in quantity. 
6. Easy to repair and easy to interchange perts, 


7, To be capable of being easily assembled by anyone with simple instruc- 
tion. ; ; 


8. To make night firing possible. 
9. To make possible indirect fire at planes flying in and out of clouds. 
10. Easy target designation from commander to AA director. 


Mis Suited to a hypothetical vertical angle of 25 degrees, hypothetical 
horizontal angle of 45 degrees, and target speed of 500 knots. 


‘12. To show a tolerance of about 10 minutes. 
136 to reduce calculator error to less than 100 meters in direct ‘fire. 


14. To use multiple communications. 


75 
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ENCLOSURE (8), continued 


15. Equipped with range receiver, elevation receiver, lateral angle re- 
“ ge* or (uSing radar). 


16. Top turning speed of 18°/sec. 
17. Planned so as to leave 4 simplified target shelf and rangekeeper,. 
18. It must not use a ball-bearing the housing, of which is less than 1/8". 


The above requirements have many variations and digressions. It is almost im- 
possible to satisfy them all, For that reason the "Type 3 AA Director” was 
designed at Kure Naval Yard as a concrete plan which was comparatively satis- 
factory in view of the above aims, Furthermore, taking into account the many 
uses to which it had been put, plans and designs were executed by the Nippon 
Optical Industry which resulted in improving the "Type 94 AA Director” and 
more closely satisfying the above aims. 


B. Essentials of the Type 94 Improved AA Director 


In order to effect a greater production of the Type 94 AA Director the follow- 
_ing policy was. laid down with the aim of simplification. 


1. Although planned construction to modify air pressure and difference in 
muzZle velocity has been stopped, it has been decided to modify the firing 
range in the future. 


2e The time of flight clock is to be eliminated, 


3. Corrections of the conveying angles will be by: a manual crank, 
, Correction of gun spacing will be by altering the gear ratio. 


"pe Range not to be recorded, but to be represented by an outline in 
flight ° 


5. Wind corrections will not be made. Drift correction (and owm speed 
correction) only will be made (as heretofore). Own speed will be by 
altering the oo ratio to standard speed. 


6. The range handwheel to be discarded and the time delay handwheel to 
be substituted. 


7. As heretofore, no predicting interval correction will be effected. 
However, the time delay correction scale and the range scale will be 
brought closely together and the predicting interval correction will be 
reduced to an average. 


8. It will be possibile to set the range measurement by altitude and angle 
of sight, and by curved line cylinder tracking. 


9. The. angle indicated by the commander's glasses will enter the left lens 
of the tracking binoculars and by tracking this, the AA director may be 
controlled by the commander. . 


10. The: binoculars will not be fitted with simple illuminators. 
ll. Using target course and target speed, simple predicting calculations 
“will be carried out. where the commander is, and. the predicted angle will be 


sent to the rangekeeper by means of communications equipment. At the 
rangekeeper this will be used in tracking and be transmitted to the guns. 
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ENCLOSURE (B), continued 





In item 9 above the communications equipment which transmits the angle indica- 
ted by the commander's glasses and the simple calculator mentioned in item 11 
are manufactured at the navy yard (s). The rest of the equipment is manufac- 
tured by the Nippon Optical Co., Inc. 


In accordance with the above, the rangekeeper and communications systems are 
shown in Figure 1(B) and Figure 2(E). 


C. Basic Theory 


Referring to Figure 3(E), with 0 as firing position, take the front of the 
sight as the vertical plane and the level surface as the horizontal plane. 
Make as the projection of the firing point the aiming point which is in the 
vertical plane of PQ and the horizontul plane of PR, 9% . However, a fixed co- 
ordinating surface is mdde on the firing panel. This is equal to 4%. % @ 


“Oe 
Ge 














Figure 3(&) 
TYPE 94 MOD 1 DIRECTOR 
DIAGRAM OF PROELEHY 
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ENCLOSURE (£), continued 


and the extension 0, P, coincide at @ A perpendicular is dropped from @Q, 
and it coincides with the horizontal line drawn on the horizontal surface from 
Qata, Then a perpendicular line is dropped from 122 to @ and coincides with 
its extension at Q',, Next the perpendicular line aa", .is dropped from Q@ to’, 
and the perpendicular line 4, is dropped from 9, at "0a, The distance from O° 
to the aiming point and to the firing point are R andR, respectively. The 
angles formed by the horizontal surface with the aiming point and the firing 
point are a andato, , respectively. 

Op =R 

0a, = R, 

OP, R cos a 


0,8, = R,cos (a + o) 


Qa", = R cos (a + o) sin 8 


aa, Q,Q", R eos (a + o) {1 - cos §) 
Q,a, = a" a", = QQ, cos a = R, cos la +o) (1 = cos 8) cosa 
= QQ, sina R, cos (a + o) (cos 8) sina 
= 0Q@, cos o = R, cos o 


= 00, sino=R, ene 


If the firing panel moves in a direct line with uniform speed, and the target 


moves into the path of the shell in a direct line at uniform speed, then 
4 dB : 
“9 pg’, = ——T 
3 dt 
R da 
aa" T 
2 at 


‘ dB 
Q,0 o ~ R cos ead. 


T= f [R,,lat od] 


f 
On the other hand. 


1 1 1 
oa’, - OP - aa 

Rcos o -R - R, cos (a + o) (1 - cos 6) sina 
ha < Df 1 

ag+a,a°, = 00, + 2,0", 

R, cos {a +o) O-cos 5) sina + R, sing 


R, cos (a + o) sin 8 


Ergo - if all three sides are equal to preceding we may say (T is time of 
flight) that: 


R, cos o -R - R, cos (a +o) (1 - cos 8) sina 


R, cos (a to) (1 -'cos 8) sing + R, sing 
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ENCLOSURE (E), continued 


dB : 
R cos a Fie = R, cos (a + o) sin 8 


Then, if: we differentiate these = 


R, =R+ = + R, {(1 - cos o) + cos a cos (a +t o) (1 - cos 8) essere (Cl) 
da R eA, : 
at Ra = sin z + Sina cossla to) (1 - COS 8) seveevscccrccrsescccressecrces (C2) 
GH ge ces le eet 


= SUT S aw dud vculde'e dive evevect cudecceeseweneeeevenrseeccee (CB) 


dt R, cos a 


That is to say that equations (C1), (C2), and (C3) are the basic methods of 
calculating for angular velocity. 


D. Range 


Concerning the range of Type 94 AA Director if we simplify the mechanics and 
let d 


R, = Rt T vaceccvereevscceccsssssssseresessvcscsessssvesssessessesesersse (DL} 


dt 
there should be an error of 


R, {(1- cos o) + cos a la.+ a) (1 ~ cos 8)} 


& First, consider the area covering R and R,: if we call the angle formed by 
R and R,. at its top surface A it is evident from Figure 4(Z) that since 


- dR ; ; 
R= R +——T + Ry (1 -~— COSA) secverceveresvesrevreveccucctessersscccerereres {D2) 
dt 


the difference between equations (D1) and(D2) will be R, (1 - cos) . If we coms 
pare this to equation(Cl) we have 


R 


4. We cos AY = R, {a - cosa) + cos a cos (a tao}. (1 - cos 8) seeveesesee (D3) 


Let 0 represent target course and V target speed on the surface under consid- 
eration then (ses Figure 4(E) 
VT sin 6 

R 


sin aA = 
i 


Figure 4(£) 
TYPE 94 HOD 1 DIRECTOR 
DIAGRAM FOR ANALYSIS OF PROBLEH 


8i 
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ENCLOSURE (EB), continued 


|, Wr sin oF tet 
eos NX =V1 -sin?A =N1 je =l-43 pa om ) 

© R, 4 Ry 

2 VT sin 6? 

i -~cosk =b {————) + 1/8 ( 

; R, 

Therefore, we know that in general (1 ~ cos A) is proportional to the rate of 
target speed. Therefore, when the rate of target speed is low, (1 - cos A) _is 
‘extremely small. But when the target speed is great, the problem is more dif- 
ficult. Making R, the perpendicular dropped from the line of target course 


(see Figure 4(E). 
® R sin (@-A) = Ry 


sin (@ “< r) = Do cece emcee verses nesecesecusesssssssenesrarerseereoese (D5) 


From equation (Dk) 


sink jd L- = : ton vr, 
‘ R cos (8 ~All= cos A — sin (@ - A) 
L Ry 


VT 
—sin (9 -A) 
R. % 


tan k= — 
L — —- cos (O — DAdovacesevevecscevccscesercereverovssecesers (DO) 


1 


From this the gunnery rules are determined. In eqation (DS) if we assume &,, 
R. must follow, and we derive (9 -A). In equation (D6) then when we assure q 
we derive \. and consequently we can calculate R,(1.- cos A). In actuality, though 
we “determined the gunnery rules, we leave only determined R, Since T=f fp, 
{a +o)] and T has not been derived. However in the foregoing problem, since 
(l - dos A) «was proportional to (1)*/{R,)? and if we choose the maximum vaiue 
for T and calculate on the same R,, we derive, the maximum for (1- cosa). 
Then, in making the gunnery rules, when we have a 10cm gun, R, = 10,000 m or 
Ti +¢2.5 18 assumed to be the maximum T, Furthermore, since R,> 10,000 & 
Orel eg ae is in general the average value of T, we substitute T, , os. 4 
for the’ sake of convenience, and continue calculations. Since V= 200 OY, and 
R, is 1000 to §000 m, the result is identical with Figure 5(E). 


However, when.we consider it further, we cannot presume R, (1 - cos A), 


: dR = 
Thus R, Rt sed Ry (1. - cos A) pee e reece rere eereereeeeeeeeereseeseoecesevere {D7) 


put T =f (R, (a +o)] = 
dP 
Ro Sih isi lite eo eieic is aioe eo Mera b'g.4 oe due 0G bua eeieee WU ewe ees es eereeennee, 6DO) 


dt 
pub oT = F(R; (ato )] 


Moreover R, + OR 


aT 
T+— AR 
dR 
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ENCLOSURE (BR), continued 
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Therefore equation (DS) is 


ig dR Oo. <= dp. dp at 
R,tAR, =R+— (fT + AR) = RO Re SK sdsinsnantbtastosacets 
si > 7 aT dR, 1 aod dt ag fe, PERS hee 2 


When we complete equation (07) from (D9) 


oS. ce dk dv AR 
AR, = -R, (1 - cos dt aR, Ry 
-R’ (1 - cos d) 
AR, = 


1 dR df PROT HC OHO DHE DOHA eed E EDL ree aeD ee ie: “ 
—_—_ cy 


Pee > Peeve eee ee eoane 


1l1-— 
dt dR, 


Moreover: 
dR 


——= V cos @ 
at 





Since we have calculated ¢ from equations (D5) and 
oe _IR/dt . | Therefore, when we discover @1/dR, from the 
al ~wetermine AR, by using the previous R, (1 - cos a}, 









ee : ae ; ; 
When this is determined we have the diagram in iicw 
most part, identical with the foregoing dix He 
relative position is near, the error is sine 


83 





1 
1 
























RESTRICTED 





ENCLOSURE {B), continued 
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Figure 6(#) 
TYPE 94 MOD 1 DIRECTOR 


R, vs. AR, 


method in equation (D8) . However, when the relative position is distant, the 
a errors may be great if one u:es that method. The denominator of equation 
(D10) contains 


dR 
= dR aT _ dt _ Target speed 
2, ~at aR, dR, ~ Residuai speed of shell. 
aT 


Since V of the target speed is great and the above proportion amounts to more 
than 1, the shell cannot. hit the target. Consequently when the relative 
position is distant, errors are great. Even so, firing at a target with a 
great relative speed and with a distant relative position is almost impos- 
sible, so we do not consider such cases. If-it is a problem with only a 
= gmall relative distance, we use the method of equation (D8) and we may say 
that we can gain our object. Although we have derived AR/dt in the above 
calculations, it is a restatement of Figure 7(E). With this we can find out 
how to complete dR/dt = -V when there is small relative distance. 





E. Range Ratio 


The formula for firing distance as shown in equation (D1) is correct though we 
used method of equation (D8), but the result is influenced by R/R, T which was 
- ysed in the basic methods of equations (C8) and (C3). Let us consider this 
% next: a 


~ 
ae 


= ae pee R. (1 - cos A) 
dt 


1: 1 
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ENCLOSURE (RB), continued 
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ENCLOSURE (B), continued 











aT 3 
Bo Re T 
dt 
R R ,t R 
A(—T) = -+T -> T 
R, Ry Ry 
= R Roy R 
=~A(—~ T). — T -=T ' 
R, - & Roo ae 2 Mia R, f+ AT i= 
RT Rn Aaa R, + AR, T 
Ry Ry 
1 AR AR 
= +84 a2 -S) te ete 
AR R T Rk 
(1 + 2) 1 1 
4 R, 
Therefore: ‘ 
ms ape’ - T= —'AR, 
- dR, 
AT aT RAR, 


ae Vana Oe 2 
T R 2, aR OT. : 


1 1 1 ey 


1 


In order to consider the error of o or § dependent on AIR/R,-T) , and to cal- 
culate them singly, let us follow equation (C2) as closely as possible. 


da R 


Oe se ie 
dt wR, © i 
> da oR 
bo = —AC-T) 
et. R 


= L verceneresovveevecescrsesestebser ecessccrseesesorsecsscseseser (EZ) 


R = 
=R ~ as 


AS = & ee eee rec ecc cere cereceessreneesevacesseecesersseccceresressecsses (Bol 


R 
— 7 
Ry 


Now o = 10 degrees. In calculating to using the foregoing result as-well 4s 
equatiors (El) and (He) , we get the diagram in Figure &(5). Accordingly, 

we may say that the near relative position is for the most wart correct when 
dependent on this. Now in actuality cis not fixed and vhen the relative posi- 
tion is distant, 7 is small, while when the range is close, 7 increases. The 
error changes when the relative distance is great but it is now calculated 
without regard for tuis change. If it depends on both ¢ 2nd ecuation (£3), 

we may treat it es the result of the aiagram in Figure §(=) without alteration. 
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ENCLOSURE (¥), continued 


F. Computer for Range Ratio 


The calculetor of range ratio is correct even though formula (pg) was use 
was determined from equation’ (Fl) . But that formula was used, so let us 7%! 
solve it-in the following manner: 


‘ dk.. ; : tas 
= Rp HT vdacevvenerccrnrsvrsveresvers % . . (Pi) 


» at 


2 eo ‘ ; 
= : (F2) 


—- =" pepe cee ere et ere ere eee eee aeereeC eo eee rete eeee 


R 


j 


In these formulae, if~we take the difference between T?/R, and T for gunnery 
rules, we have diagranis! 3 Figures 9(#) aud 11(#). As we discover in the diagrans 


we can make : 


2 


—— = FT) veccerenereceveerecnes 
R, f 


U 
This ‘is shown in the diagrams. However, in such a case how great an error 
created in‘R/R, T ? This must be determined. 


= f(T) Ss 


R 
A t=T 
R 


wh 


dR 


CLC vere ceerereserreerer sss eeeenreereeeeeeetsones: seveseee (NGI 


' 
i 
at | 
However, when we consider the influence exercised Ty JwvR,*T) ons and é, 
equations (E2) and (£3); can be used without arberati bas : 


R 
A t= T) 
R . 


a 


wh bso teve ls hea tok heeces, Eve SeatSin ae eae a es ie Se ee See Bie ee wate ee ees ERED 


T) 


We discovered in (IF4) that A(R/R-T) is the function of aRsdt , but as shown in 
paragraph D, dR/dt is generally equal to the target speed when the relative 
vosition is near. To simplify, we may say that: 


dk 
+ ~200m/sec 
: dt ; 

we culculated Qoin parugraph E, finding Oc when o = = 10°, When we apply the re- 
sult te the gunnery rules, we pet the diasram in Figure 12(Z). One would sup- 
pose that the errorfor an Sem gun would be fairly large, but this is accepted 
in order to leave a common +(T) for both the 8em and 12cm guns for convenience 
sake in converting gunnery rules. Naturally, if we consider them separately 
‘there is e degree of difference between the 10cm and 12cm guns. 
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TYPH 94 HOD 1 DIRECTOR 
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Figure 12(8) 
TYPE 94 HOD 1 DIRECTOR 
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ENCLOSURE (8), continued 
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ENCLOSURE (BR), continued 


Ge Computer for Time of Flight 


Time of flight is the function of firing distance and angle of elevation. 


T= F(R, ,, ay) cocreccevceerececesscevcereccrsvesersscesrecsssvocsersoevesszes (Gl) 


However, sincea, =atoR, must obviously be a function of T and a, 
SoBe Ry = FTL, 01) cvvvevcvcvccvvnvsvcvcvsvsvsccsessesessssssewsssvesesssseresesen (ie) 


To consider it another way, we heave the diagrams in Figures 12(E) to 15(#) 
showing it for each type of gun. The fact we find immediately from the diegrams 
is that the influence of a,on k,in Figure 13(E) is less than the influence of 

a, onT, therefore, 2 


Ry = FCT) + FL UT, ay) caceereeerevnreseresceversnssccccsecccseseseccseccrrse (G5) 


n this case we must cube it. f{T,¢) will become relatively small compared to 

1(T) . This is because. the final product of the cubing is comparatively smali 
and it is advantageous to be able to calculate accurately the greater part of T 
considered on the firing table. Figures 13(E) to 15(2) show f,{T) whose fune- 
tionsl form is derived by a functioning setting gear (KANSU HAGURU.IA) for T in 
‘the same. mpnner as T:/R, was derived. The function setting gear is changed 
depending on the type of gun, and conversion for gun types is easily made. 

Even so, f,(T) “remains the same for both 12.7cm and 8cm guns as in the case o: 
oT /R, . In other words, instead of operating the firing range ring and the 
range change ring as _heretofure, when one wishes to operate the mechanism which 
determines the firing range, rate of range change and the desired R (i.e. the 
. range controller}, one operates the time of flight ring and the range change 
ring and tne answer is correct. To put it another way--if one wants to meni- 
pulate the firing range handle one degree, and then determine the.time of 
flight from this, the mechanism is much simpier. 


'#He Computer for Angle of Superelevation 


The angle of superelevation is the function of R anda, ; and the time of 
flight is also-the function of R anda,. 


c = $7(Ris a, ) 
“p= f IR, a) 


If we determine R from both of these formulae we get | 


CPF (Tl, a) ee eee ee eee eee eee eee (H2) 


When we look into. the..details of this form of the function there is relatively 
a small degree of error, and we canyprofit as follows: 


c=F (1) fla +o) ee eeeeenceocugenrersesassverscesecvenssrerssinssuceseees ihe: 
When we solve for f ‘T) by applying (Hz) to each type of gun we get 
bie. = Fie. ft) flatol Oe i 


b 


lio = f,,(T) fla to) eee eee eee eee eee eee eee eee ee eee eee 


Lan TH glT) FUE +O) cocccevceneccecscanseestsiearevecenccesvesesvsnceees 
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ENCLOSURE (E), continued 





oa In all these, fla +o: is applied to each type of gun, and it is deterained in 
: a common manner, Consequently, if we handle it simply by éovlying only f(T) 
to the function setting gear, conversions for sun types will be asy. 


‘whe superelevation angle tables dependent in the above formulae (H3) and (5 
follow. The error curves are shown in Figures 16(H) to 18(8). r 
sa was derived from the machine that 


Ee - 


L=Ff tb f (ato) 
| = 0.5 f(T) + f(T) tf (a +o) - Cosh 
Since this is similer to 
: 2 
T dR 
i Beg =T-=— — 
R, R, dt 


it is identical with the computer fc range ratio. 


I. Firing Table, Computer Charts for Time of Flight and for Angle of Super- 
elevation 








When the computer mentioned in paragraphs G and H is set to determine the 
‘firing tatle, accurate calculations for the entive firing taole are necessarily 
possible. That is, only points within the scone of the firing table formules 

can be accurately calculated by the computer. Points outside the scope will 
have comparatively large errors with the machife. See Figures 19(E) to 21(E). 











— J. Vertical Prediction Computer 
The calculations of the vertical prediction is GoPentent on the basie formulae 
(C2). : 
De) ip Pee ea sgin er eea (aad) -eCAb Sl haa eee eee 
dt Hy 


In this formuls, let us first consider solving sina Singly. “hen the second 
gear is gesred eccentricaliv with one side as the main wheel and the other as 
an ax,tendant wheel, the relation between their angles of rotation is as follows 





p=o+ sin 9+(—) & sin @ + eoeee serene seeve vee POOH eUeReee Eee reer era esEtenene (J2) 
ka a aes 
where é angle of rotation of main wheel (radiens) 
ae s . @ angle of rotation of attendant wheel (radians) 
“a  djiamete of gear pitch 


e eccentrisity. . = 





and since we derive sino fron o.......97 cos o 
If so, then ¢= (9) = f (sinc: 


In these when we choose sin 6 (a/e) correctly, @=n sine 


At this point the amount or error is extreiiely small. -ioreover o = + 300 ana 
mand n are comparatively constant. 
Next, let us consider the sesond term of equation (J1) 
sina cos la +a) (1 - cos 8) = de ‘sin (2a + o) - sino } (1 = cos 5) weseees (53) 
i 
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ENCLOSURE {E), continued 








.. Table I(E) 
SUPERELEVATION ANGLE 12.7cm: Gun 
es forest = » 
ato al 
aera PaaS 5s a 
0° 20° j = 20° 50° 60° 70° goo 
} 1 
0° 36,6 | 0° 36.4 | 0° 34.6 0° 23,2 | 0° 19,0 | 0? 13.9 0° 76 | a 







0° 237 © 18.6 















1 8.7 }4° 0,8 | 0° 
Caleulatea amt, | 2° 12.8 1° 27h 
| 20 12.8 | 2 10.6 | 2° 4.6 | 2° 54.8 | 1° ave | yo 25.3 | 1° 6.7 | 0 46.2 | © 23.9 

3 


+0,45 


1 9.8 | 1° 22 | 0° 52.6 





3° 18.6 3° 15.4 20 54.3 


Oo . 


> 4. 5. ; 
+064 +262 | -oe2 | -29 | -2,1 -1,3 


3° 39.4 | 3° 4.0 












el 
Poa | 





3° 0,4 | 1° 33.7 | 
10° 38.2 |20° 16.6 8° 34.0 420.4 42° 2.0 | 






42° 5.2 | 2 7.2 


= 
\ 
i 
i 


— 


74.8 73.2 


13° 23.2 113° 2.6 [12° 16.6 9° 34.6 


: 


Actual amt. 


Error 
Calculated amt. 
Actual amt. ; 


dh 
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ENCLOSURE (EH), continued 


Table II(E) 
SUPERELEVATTON ANGLE 


‘ ¢ ate 
pee [ar a= ee ae] a 
1 [acta ty | 0 2a sealer eae 


Error Qo -0.5 ~0.2 | 


su | +043 | 
FT caiculsted amt. of 42.5 4 0° 24.2 > 
| :fomw [eos [o ar[e melo mee as] melo oa le al ous | 
ee ead el ae ef el ae es 
Yr 69 w o,2 [0° 53,8; 0° 45.9 | 0° 36.6 | oo 2.2 | 0O7 15.3 
fee as] we] ea | ae] of ae | a 
fa [Piel Pat ema [Pes 


4| Actual aut 3.3 )1° 13.3] 2° 0° 34.9 | 0? 19.4 
1 


-R 





| Fag [wa 
jee Pw eae se aaa Gieal See) as ees 
“3.1 ' 73,2! “3.3 | -2.8 71.6 0.5 
Fesleulated ant. 2° 55.31 2° 45.0 | 2° 30.8 | 2° 13.0: 1° 52.2 $29 a2 | 2° 2.7 | 33.3 
; 61 Actust xt. 3° 6.2 0 59,9 | o 32.5 
| Error thed : : ~1.8 ~0.8 
Calculated. amt. 3° 32.8 , 3° 13.2 ' 2° 49,5. 2° 22.4 | 2° 52.0 | 1° 18.0 | 0° 2.7 
7! Actual amt, |e 66 | 3° 51,8} 3° 31.3! 39 9.4 | 2 44.9; 2 20 i 2° 28.3 | 1915.9 | oP 40.8 
= | grrer +52 i bo =a | n2.6) -2,1 ~0.9 | 
| Geteutatoa 5° 18.4 | 4° 55.61 4° 32.2 | 4° 3.9 | 3° 329! 2° 585 | 2 201 oP 52.1 | 
| 8! Actual amt. 5° 23,1 | 4° 58.71 2° 30.6 | 4° 0.6 | 3° 26.3; 2 54.2 | 2° 16.6 | 1935.3 ; o so | 
6° 52.4 | 6° 18.0 42 25,5| 3° 42.2 | © sas | 2° 18 | 2° 29 | 
6° 55.5 3° 39.0 | 2° 55 | 1959.7 | 1° 3.6 
“3.2 | 9 -2.0 -21 1,3 
s° 35.6 | 3° 37.0 F5u4 | 1° 2.5 
6° 20,3 4° 34.8 | 3° 35,3 | 2 30.5 
nee aa 
| for was ma] alone | ae ge [oie 
= Ese a es eee ea | 
sated ot ea ia aa ee 
seal 
13} Actual amt. 12° 10,3 |10° 46.6 
Brvor 135.5 “6.9 
cae | ma [AP dea a [AP wa fas | ay fw | T 
[ier eas [a ae [ar as [wr wa [ae ing fi me [roe [wr wa | 
Canad a 08 
15| Actual ant, 21° 10,1 
meso] sana] at Pe 


i 
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mt 


+12 
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a ENCLOSURE (BE), continued 


ns Table III(E) 
Pa SUPERELEVATION ANGLE Sen GUN 


= - = 


= ea oe ‘ata 
I %, Tae, 9 ° oo ° de 
|b [Saleuteted amt, 24,2 | 0° 23.3 of 19.7 | | oe 5.9 | 
‘ 1 0° 24.8 | 0° 24.2 0° 19,2 | 
a eS alee en 
0° 53.7 | 0° 53.2 0° 48,0 | 0° 42.9 | 0° 36.6 0° 20.2 } 0° 11,2 
of 53.9 | 0° 51.3 | 0°47,.2+ 0941.8 | 0° 35.3 0° 19.2 | 0° 11.0 
= Sa] ee ead eee a ss 
1 34.1 | 1° 33.0 | 1929.5 | 1° 23.0! 1913.7 | . 0° 34,1 
1° 36.2 | 1° 33,1 1° 218 | 3° 12,2 0° 33.5 
Calculated amt. | 2° 30.9 | 2° 28.1 2° 10,8 | 1955.9 | 1937.7 | 1 16.6 | 0° 53.2 ; 0 27.4 | 
2° 29.7 2° 9,3 | 2° 53.6 | 1° 34.9 0° 52,3 | 0° 29.0 
| Error +2.8 '+1.6 } = 0.2 | “151 ~-23 ; ~ 28 -09 | +16 
[Ceteutated amt, | 3° 49.9 | 3° 44-7 3° 16,5 | 2° 53.6 1° 54.8 | 1°19,5 | 0° 40.8 
5 {Actual amt. 3° 53.2 | 3° 47.1 2° 50,9 1° 18.9 | 0° 42.2 | 
+ eh “ys, -27| -32 | 26 | -06 1s 
5° 2.9 | 510.5 | 49 44607] 4° 12.5 
5° 28.4 42 43.1] 4° 8.4 1° 56.3 | 1° 2,0 































! Calculated ant, 








4} Actual amt, i: 2° 33.7 








| Error +3.3 
i Galeulated amt, | 5° 342 
6 Actual ant. 5° 37.5 















~ [Galeulated amt. | 7° 42.4 | 734.0 |. 7912.2 | 6°37.7| 5° 52.3 | 4° 57-7 | 3° 55-7 2° 25.4 
7 lActual emt. | 7° 44.51 7° 34.4 | 7 22,2 | 6935.6] 5°.49.5 | 4955.5 | 3° 55-2 | 2° 47.0 | 1° 29.2 


Callulated amt. | 10° 12.8 | 10° 5.6 | 9° 40.1 | 8° 58.2} 8° 0.5 a 
10°'12,9 | 10° 4.4 | 9° 38.4 7? 59.1 5° 91,5 | 3°58.5 | 2 8.7 
Error {+02 ~ 1.2 ~1.7 ~ 2.6 14 ~ 0.4 + 2,2 + 5.1 

2 13° 6.6 | 13° 3.8 19° 54,1} 10° 50.9 | 9° 30.1 | 7° 53.0 | 5° 49.3 | 3° 16.0 

, : 13° 4.7 | 13° 1.7 9° 36.0 | 8° 4.4 3° 27.4 

10 }Actual ant. - | 16° 25.3 | 16° 36.8 |16° 27.9 a6? 246 | 15° 32.7 | Roane te ot 

, was ae 17 [a Bs oie ee 

lame ae 20.5] 2° 3.8 aso] | 


Error ~ 2.1. + 2.1 + 10,5 


i 


| Error + 2,1 + 0.4 
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Figure 21(&) : 
: TYPE 94 HOD 1 DIRECTOR 
. ACCURACY LIHITS 
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In these, when ° is within 30 degrees, and § is within + 450, the absolute 
value of eauation (J3) is extremely smali and so, even if we substitute ¢ for 
sin ¢ in formula (J3) the error will be small. 


sin a cos (a + o) (1 - cos 8) = a | sin (2a to) =o } CL S068 BS) dcceacese (541 


rad, 


When we use the final machine result of (J2) and formula (J3) even combining 
them with, (J1) as follows, we may say that the error will probably be small. 


sin o 6 sin a cos (a + o)(1 - cos 8) = fic) + 41 sin (2a + 0) = Opagl(l - COSC) weeee (55) 


-Whereupon, tne amount of error ofc used an formula (J5) when calculated from 
ho will be shown in table following and Figure 22(E). 


K. Horizonta} Prediction Computer : 


Basi¢ formula for the calculation of horizontal prediction is 








R (ato) 
nF pr =o S rd sin & eee eeseeerr ae re evr vreeresreereer serene eeeeeeeeeserEeT (Kl) 
at R, cop a 
However, when we transpose this 
‘ + . 
je Ae ee Se { sin (a +o +8) ~ sin (a to -8) f 
coe a cos a : 
(atotd) sin la +a - 8) 
egd Bo Se a = - —__—-} éviace ee Crepeceoeenthel 
4H qos a cos a 


102 









ENCLOSURE (EB), continued 


Table IV(E) 


Figure 22(f) 
ERROR CURVES” FOR VERTICAL PREDICTION COHPUTER 
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ENCLOSURE (BE), continued 


In this, sin lato+8)/eosa : and sin lato - 8)/cosa have the same general: 
form as the machine (calculation) only we substituted a-o0 - 5 for atotéi 
Consequently, we can calculate the horizontal prediction with another computer 


.. Of the same type. Thus, we can decrease the number of computers. 


Sinece_o_= 0... -eannot -be-caleulated mechanically, wo can get.a cerrect calcule~ 
tion for ¢ only between 0 degrees and 75 degrees. When this is exceeded we 


‘ean ealcujate more closely. 


L. Deviation (Drift) Computer - 


The simplest formila for use with’ the deviation computer is =a(T-b). 


That is to say if we enter the deviation from this,T , the time of flight, by 
certain gear ratio can be added tothe train as drift. For each type of gun 


_this is ag follows: 


oS 21 
12.7em gun, 4 ar {T - 3) 
10cm gun, 4 = 1,5 (T - 1) 
8em gun, 4=1.5 (T- 1) 


Therefore, conversions for gun type can be easily made by changing the gear 


_vatio. See following Tables V(E), VI(E) and VII(E) and Figures 23(E) to 


25(B} for values in the firing table and values from the machine. 


We Angle Correcting and Speed Correcting Computer 


In angle ecorreétion if we make 6 the distance between the position and the AA 
Director, then 
_ B sin (B + Cp + 8) 
ni Se ee 
R, cos fa to) 


pee evervcreveceesseseerevesescesevossccvecesescrsrcsser (ML) 


However 1 — . FT) 
jase a 
R, cos fa + o) fia +o) 


evorecereseoes error rereeoeereseresereRrserEeeeseE (M2) 


In the aptwve, when we solve f(T) and f ia toa) 


AV sin [B+ Cpt 8 
= (T) pole o's Foie. 6 0 o\oeip bis Sin wb. wcvis' b eio.0 e brele earn owe e --e02.0° (ME) 
n ea Fi 


On the other hend, we can most nearly express (own) speed error by 
oe gin (6 + Cpt 8 
fig +o) 


) (fw(T) soeserrecconsescesecrveveveressceseressessesese (MA) 


/ Moreover, we ope use flato) as identical in both (M3) and (M4). Asa4 
n 


standard rule (M3) » B= 40 m and in (M4) vV = 30. The other B and V are 
made equal to tne p and y of the ship by a previously determined gear ratio. 
If we caleulate the constants by the computer, then 

. sin (B.+ Cp + 8) _ 


= 7 f(T) reece serene veereeeeerenecvevcenersserreeserscene (MO) 
tla Fo ) 
n (B ¢ Cp + 8) 
w= i Es ele f (UT) cevcccverarvensesecceceesseveeesvcesscssesesessove (MG)+ 
F (a + o) bd 
The tomputer ig the same in all respects, for both n and W. Only F, (7) ang 
F(T) are interchanged. Moreover it is the same for each type of gun with 
only a change of gear ratio effected. . 
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ENCLOSURE (E&), continued 


Table V(E) 


R, 


: 


{ 
i. 


IE 


Caleulated ant. 
2| Actudl aut. 


S 


12.5 12,2 11.9 12.6 
2 


5} Actual amt, iu. 14.3 U5 
Gaicdated ext. | 268 | a7.7 | aval 169 | aval ea | 
sl tcear et, | 7 | mo | ma 
fare [rae [v2 [oso] 94 | aal vee |_| 
Sannin 
+ [et : 
+ 2.6 + 3.3 + 3.6 
Caléulated amt. fesabee = 32.4 
Actual amt. 34.3 
ns 
| | Actual amt. 42.5 
69. 1 
Pe Tee eel ens 
[eee |i stua| caaie ae 
105.3 
81,0 


ve} 
ray 


8 


+3.2 
33.3 
3522 
+219 


+11 
32,3 
34.6 
+ 2.3 


35.0 
35.9 
+09 = 

8 48.4 
44.2 45.3 46.8 
~ 1.6 


XN 
nN 
on 

eleleleleleleyeicielee 
8 
Qo 

o | |B 

afwo in 


44.0 
43.3 
- 0.7 


u 
° 


3.1 ~ 6.2 
59.2 
53.5 

~ 5.7 


63.5 69.7 81.7 


5504 58.2 62,1 
-8.1 |-11.5 }- 19.6 


81.8 | 97.7 


73.1 


' 
& 
. 
on 





ENCLOSURE (EF), continued 


Table VI() 
AMOUNT OF DEVIATION 
UN INU TES) 





Caleulated amt. 
1] Actual amt, 
Error 


Calculated amt, 
2{ Actual amt, 


Calculated amt. 


3 
3 | Actual amt. 


Error 


Error 


Caloulated amt. 
‘ Actual ant, 


ato 


0° 10° 20° 30° 40° 


0.9 1.3 
0.4 


a8 


12 


60° 


1,2 














|Catoulsted amt. 


6 + Actual amt, 
t (Error 
Calewlated amt. 
7 | actual amt. 
i 


‘Yealovlated ant. 


2.2 


{9.2 
7.2 


[-2,2 ° -2.9 | 


was | wa 
“9.9 |} 10,0 
tar 


19.5 


~2.6 





6.6 | 166 | 
12.9 23.0 : 2.1 | 
isin - - 


~3.7 


~3.6 





20.4 





———__—_— 
‘Calculated aut, 

} 9 ‘Actual amt. 

i 


:Errer 


. \Caloviated amt, 
‘30 actual ant. 
IE 
| iGaleulated amt. 


| 11 jActual ant. 


“T 16.4 
ieee 
2.8 | 26,2 
20.4 
~hed 
[51.4 
25.1 

-6.3 | -8.3 
96 | 


130.5 i 30.8 


20.5 
5.7 
33.6 





4.2 
36.5 
30.5 


42,8 


0a oe Lees, 
- 6.4 | “9.1 j-12,0 


39.5 


42.7 49.7 | 55.2 


6 | 36.8 -| 37.4 
36.8 36 a + 


~5.9 ~94 12.9 |-17.7 


+ 
| 28.6 


| %.8 


; 16.8 


} 22.8 


| 16.6 


| 502 ;-10.0 
" 36.6 


: 21.1 


20.8 | 


-7.8 1-155» 
eee 


25.3 | 25.6 1 26,0 


S 


t = rs 
pees et. 


19.4 | 70.5 


31.3; 31.9 
hi Bhed ao dhe 
|-28.2 |+38.6 
; 66.2 | 101.4 


i 
t 
! 38,3 | 39.2 
1 


t a 
-27.9 |-62.2 | 





63.5 
hed 
-18.9 


52.3 57.2 


1307 


13.5 


45.1 
- 28,0 


BL | 


a 
iu 53.8 | 52.3 
ep a | 
“1” Tcatewlated amt. 


‘as Actual amt. 
oe 


bod 
i Error 


7301 
53,0 


86.3 
55.8 


-13.0 [20.2 j- 30,5 


83.4 | 


oe | 


[126.5 


rt 


t t168.5 | 
94. ; 
41.9 | 


50,0 
46.5 1118.5 | 


\ 
| 


al 
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ENCLOSURE (BR), continued 


= Table VII(E) 
AMOUNT “OF DEVIATION 
(MINUTES) 


o =a ay =| ol 
“1.2 Ea -1.1 | - 0.7 

Calculated amt. a ee Ea | 3.0 | | 3.0 | 3.0] 3.4 | 5.2 
Actual amt, 26] 2.6 | = 2.6] 2.6 | 2.6 


R, 
Calculated amt. 


1 {Actual amt. 


Hl 


~ 0,8 | - 2.5 
a3 36 
1.5 16.9 





Actual amt, 9.0 opal R 8.9 8.8 8.8 8.8 9.0 962 


SBOE) 


17.9 i 28.4 i 
13.4 | 










i 
pe | 1.2 [eet 1 13.8 


| 13.0; 13.2 


13.2 
42.0 }+2.2 | 40.2 “eS | WeT | 
16.5 | 17.9 20.6} 26.7) 46.2 | 


18.0 | 18.1 ! 18.3 18.7 193 | 
41.5 | 10.2 | ~ 8.0 | 26.9 | 


- 2.3 


~ 0.7 


+2,3 | +2.2 









ee 26.0 | 3004 | 42.9 | 76.3 | 
| 23.8 | 23.9 | Ahk | 250%, | 25.9 
Sones) ieeean! 

j det | 36. | 45.6 | 66.5 | 128.6 | 


: “a | 
[sea 


~ 76.8 | -234.9 j 
i 


+46 | + 301 


“8 


19.7 


Calculated amt. 
10 


Calculated amt. ao 54.7 | 65,1 


i. 
aheman [sal ee fee [TT 
ie +2.61-2,3 |-9.1 | | ae | 
ss erence 4. : : 
ba. “ated amt. : 74.2 | ‘ 
| 


poe 
ee ans Gee 








wt 





‘ 


72 suai amt, 


’ | Error 


63), 
So ce Ca 

tem : i 

6.9 | 








ENCLOSURE (8), continued 
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Figure ‘24(#) 
DEVIATION CURVES 
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ENCLOSURE (B), continued : 














ae & | Figure 25(B) 
oe I. DAVIATION CURVES 


. if 
Ww 
















{i 
= Ve S 
IM aae = Be 10 = 1,285 7, : : 
se 8 age. ane 
Ng ~ Se Ni gt 1-e057,, 


= 1.2 Wy, 






Woy = 4.5 Wig 


Tn these, the sub-numbers show the type of gun. Both n and w are standard for 
10 em gun. Accordingly tne fixed values, on the firing teble and coxuputer 
values are as shown in Tables VIII(Z), TX(E), X(E) and Figures 26(=, to 31(8). 


Ne. Plat Trajectory Correcting Computer 


Since there are some differences ii the type of shell, weight of schnell etc., 
between ‘the AA shell (high-angle shell) and the flat trajectory shell, the 

trajectories will differ; there is a correction of angle of rear sight only 
depending on whether AA or flat trajectory fire is being carried out. Flat 


trajectories corrections are: : 
AL = GeLat (Ry). "3 Can (R,) 
= F(R) 


= $7) 


ENCLOSURE (B), continued 


* calculated amt, .-. 139705 


71.2 | 


j 1 Actual. amt. 7 


; Error 
ae 
lo 


- Calculated amt. 68.8 j 
i 2: Actual amt. 
Error 


Caleulated ante 


Galea lated exits Bhd, 


4 Actual amt. I 8 


Error 


_ Calculated ant. 


5 Actual ake 


2S. 


Error | -0.7 
Calmlated amt. R29 | 


6 Actual amt. 1 


: Error “0.4 


Calculated amt. 2 6 


7 Actual amt. 


19.7 


- Error: 1 40.1. 


| GaLeulated ant. 17.2 i 


al. Actual eas 17. 7 i 


; Error “40.5 : 


| caleulated sea 1 15.3 ' 


9 | Actual ante 


" 30] i Actual amt. 


ees 
i Error ; : 
Paicinted ames 1 1265, | 
v4 | aac ant. {uy 9 


4 aT 
11.5 | 


ae 


61.6 1 


Bh? 
; 33.9 ; 5 . 


a ee ne ee ee ps ae ate 


26.8. 
. <0, 29 | 


22.5 Pee 


pe ee 


co Ho. 8: 


Seer meee cemeeee te 


Table VIII(E) 


CONVERGING ANGLE 12.7cem GUN 


; 339.6 6.3 158.8 | 


179.5" 2 at 213. 9 
86, uel 97.5 


~ 65,8 . ~ 72,0 | - 82,0 [108.9 ~129.5 
TBe2' 19h | “7. 5 
ea pl tes 5 ic Fah 6.7 7) 65.3 | 
~B-h | ee ~ U6 | -35.7- 
Sag) sue me, mT wk 
68.7" 


72 | 135. 0; 


69.8 89.8 | : 107.0! 


62.2 } 
~ 20.8 | 


9928 ; 9L.7 


“5202 i 58.4 | 
Si - 


53.5: 


50.0! 


~ 5.6 | 


7365 


Ae 
29.3, 31.8 


30.2 


219 | : 


27.0 . 28.1 


“12 owe] 72! “3.2 - 4.9: 
23.3 | Abel | © 26,5 2909 3547 MSs 
22.6 : 23.5 vg 28. ai _ 33. 2 _ 417 
~0.7 1.3 sae” 72. 6 

22.7 | “30. 6 39. a 


22.1 , — 3b 


Taal “2.9 5.8 
2b 7 het | 50.3; 
32h “45.2 
~ 0.9! = 2,0 


55.0 | 


33.8 10.9 | 


~905 


; 
1 
a 


: | 
39.7 5061 | 


oboe 


ae 
59.2 | 
7 2n8 i 
Teh | 
52.6 | 


“-0.9 - 


20.0 | 


i 20.9 


19.8 20.6 } 


-0. a 20.3 . -0, 6 


17. 2 18.3 : 


1B.9 


19.9 _ Roh 


17.8 | 19.7 “2.0 | 25.8 


0.3 


15.5 


16.3 _ ib. 8 ie 


> Ooh 


~ 5,1 
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ENCLOSURE (EB), continued 


Table IX(E) 
CONVERGING ANGLE 
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Figure 26(£) 
TYPE 94 HOP 1 DIRECTOR 
R, vs. n 
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Figure 27(8) 
TYPK Ga MOD 1 DIRECTOR 
R, vs, n 
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ENCLOSURE (BR), continued 





Figure 28(E) 
TYPE 94 4OD 1 DIRECTOR 
R, us. n 


_Hence, graduations are made for Ac dependent on T. “hen we investigate 4% 
“to make it correspond to the graduations of T, we find that Az increases. 
Conversions for gun types are wade by changing the graduations. 


O. Target Director (AA Director) 


The commander is stationed in a projection set-up in the turret of the aA direc- 
tor. When he sees the target in the 8em A& binoculars (since the pointers ana 
setters ~re within the turret, field of vision is limited - and since the point- 
ing and setting telescopes ere only 4com, and of inferior telescopic power Gc2- 
pared to those of the commander) the commander determines the target. There 
‘are many cases of bungling because of the extremely great lapse of time re- 
ouirea for the pointers and setters to discover the target. Consequently, it 
was determined that the commander should define the target; in order to inform 
the pointers and setters of the director and bearing, the commander comrunicates 
the angle of elevation and the angle of turn as shown in his binoculars. This 
‘angle is entered on the left lens of the telescopes for pointing and setting, 
In order to simplify their movements so as to be able to follow the targets 
closely without moving their eyes from the telescopes, the pointers and setterzs 
always announce the guide seen in the left lens over the communicator. ‘hen 
tne commander defines the target, he too will:flash the pilot light and submit 
his findings by the communicator, as in Figure 32(E). The pointers too when 
they pick up the target, will push the foot-operated switch and work the com- 
mander's buzzer. Moreover, s,ince previously on the left lens oi the pointer's 
(telescopes) a red light. from the panel has meant "Fire", a red light will 


mean "rire" ‘and a white light will mean "follow the target". 


v3 ’ 
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ENCLOSURE (EB), «continued 


Table XI(E) 
HORSZONTAL ERROR WITH A THIRTY KNOT SIDE-WIND 412.7cm GUN 
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Table XII(E) 
HORIZONTAL ERROR WITH A THIRTY KNOT.SIDE-WIND 1Ccm GUN 
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ENCLOSURE (E), continued 


fable XIII(E) ; 
HORIZONTAL ERROR WITH A THIRTY KNOT SIDE-WIND Sem GUN 
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Pigure 29(B) 
TYPH 94 HOD 1 DIRECTOR 
R, usy w 


P. Examples of Computiig 


As already shown, the calculation of the second form of R in paragraph D the 
range ratio in paragraphs E and F, and the vertical predictions in paragraph J 
it is certain that any number of errors may occur with the problem of calcula- 


tion. 


On a course in which the minimum horizontal range is 1000 m, 4a 12.7cm gun is 
fired at a flying target with an altitude of 4000 m and a speed of 200 m/sec. 
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ENCLOSURE (EF), continued 
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ENCLOSURE. (EH), continued 
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: Figure 31(&) 
TYPE 94 MOD 1 DIRECTOR 


R, vs. W 


In this method of calculation, (1) is correct for all calculations. The basic 
calculation of (2) is for the old Type 94 and (3) for Type 94, improved. 
Accordingly the results of the calculations are as in the following table. 
“When R in the upper left hand column is the basis of calculation we calculate 
the respective ay, Ry, dR/dt, da/dt which are in corresponding positions. 
The R for (2) and (3) which is on the lower half of the table is the &.shovwn 
since only the values of ¢ and § change when calculating (2) and (3), those 
for (2) are shown as (7) and while those for (3) are shown oc’ and ¢% 











When we consiaer these errors, 43' and A&'‘ are almost identical, and of 

io is about tne same value.as o. Though the errors have been lessened, we 7 
a bring the calculation of the upper and lower portions of the table closer tO 

the basic calculations. The influence of the range ratio is nardly Shown. 

But in short it shows that the theory G 









in pereerephe E, F, and G is correct. 





Phat ¢ an error occurs in the latter is inevitable when we consider tne influens 
of R. But that will be exact when R is small as shown by Figure 6(B). 
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ENCLOSURE (BR), continued 
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Figure 32(8) 
TARGET DIRECTOR: LAYOUT 
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ENCLOSURE (F) 


4, MODIFICATION 3 SIMPLIFIED SHORT RANGE DIRECTOR SYSTEM 
(KOSHA SHAGEKI SOCHT) 


Legend for Figure 1(F) 
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Figure 1(F) 
TYPR 4 MOD 3 SIMPLIFIED SHORT RANGE DIRECTOR 
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ENCLOSURE {F), conttnued 
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ELEVATION SCALE 
7 POWER MONOCULAR 
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= Figure 2(F) 
TYPE 4 MOD 3 DIRECTOR, RIGHT VIEW 


is a TARGET COURSE BOARD (TABLE) 
TARGET COURSE ARROW 


TARGET SPEED POINTER 
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ae ; Figure 3(F) 
TYPE 4 MOD 3 DIRECTOR, LEFT VIEW 





ENCLOSURE (F), continued 


Figure 4(P) 
TYPE 4 MOD 3 DIRECTOR, FRONT VIEW 


TARGET COURSE 
SCALE NEGATION 
TRANSMISSION AXLE 


Figure 5(¥F) 
TYPE 4 HOD 3 DIRECTOR, REAR VIEW 
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ENCLOSURE (F), continued 
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Figure 6(F) 
TYPE 4 MOD 3 DIRECTOR, INNER VIEW OF &LEVATING ARC 
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ENCLOSURE (F), continued 


Figure 7(F) 
TYPE 4 HOD 8 DIRECTOR. DRAWING, FRONT VIEW 
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ENCLOSURE (F), continued 


BEARING STRUT FITTING 


MIRROR SEAT LOCKING PIN 


Figure 8&(P) 
TYPE 4 WOD 1 DIRECTOR, DETAIL, FRONT VIEW 
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